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INTERNATIONAL SCIENTIFIC 
RELATIONS AND 
NATIONAL SECURITY 


N important chapter in the Berkner report, 
“Seience and Foreign Relations’’, issued in 1950 
by the International Science Policy Survey Group of 
the United States Department of State*, considered 
the controls over the international flow of scientific 
information, from the point of view both of persons 
and of material. Earlier in this report, stress was laid 
on the positive contribution to the advancement of 
science, as well as to the security of the United 
States, which resulted from the full and free inter- 
change of scientists and technologists and of inform- 
ation, as had been earlier emphasized in the Steelman 
report, independent of its reminder that national 
security depends far more upon the total scientific 
potential than upon anything else. Considering, 
however, the negative aspect, that of the types of 
control over such interchange which might be 
desirable from the point of view of security, the 
Survey concluded that there was ample evidence 
that unnecessary restrictions existed on the flow of 
unclassified scientific and technological information, 
and that these restrictions were dangerous to the 
progress of science in the United States, affected 
adversely the conduct of foreign relations in science, 
and were therefore damaging to national security. 
This Berkner report pointed out that visa regula- 
tions and their restrictive effect on proposed visits to 
the United States by foreign scientific men involved 
for any particular case a balance, within the limits 
of the immigration statutes, between considerations 
of security and other national interests, including 
considerations of international scientific relations. 
Unless, however, foreign scientists were permitted 
access to their American colleagues, either at inter- 
national meetings or through individual visits, science 
in the United States lost the benefit of the potential 
contribution of foreign research and technical ad- 
vances to its own. The Berkner report made no 
specific recommendations for change in practice: it 
was content to point to the dangers of the situation, 
particularly that of the creation of a furtive atmo- 
sphere in which the flow of information necessary to 
progressive science was halted. It did, however, also 
stress that the relation between internal security and 
exchange of technical information represents a balance 
of interest similar to that required in the visa 
situation. The conclusion was reached that no 
definite and positive controls of unclassified tech- 
nical information are possible under the American 
system of government, and that it would be in- 
imicable to the American way of life to attempt to 
control the use of information that is freely available 
to everyone. From this point of view it is asserted 
that the Department of State has a special respons- 
ibility for bringing to the attention of the Inter- 
departmental Committee on Internal Security the 


* United States Department of State. Publication ng’ Science 
and Foreign Relations. ie Foreign Policy Series 30.) . viii+ 
170. (Washington, D.C.: Division of Publications, Office a Public 
Affairs, 1950.) 
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implications of security situations which adversely 
affect international scientific relations. 

Since this report was issued, several books have 
been published in which the whole question of 
secrecy and security regulations as it affects the pro- 
gress of science has been discussed. The misgivings 
freely expressed by American scientific men regarding 
the procedures and practices current in the United 
States have frequently been framed in general terms 
which could be emphatically endorsed by their 
colleagues everywhere in the free world. It has been 
made abundantly plain that in their protests against 
the absurdities and excesses to which security 
regulations and procedures have been carried in the 
United States, American scientific men and other 
scholars have stood firmly and responsibly on those 
principles of intellectual freedom of investigation, of 
utterance and communication, which were written 
into the constitution of their country and are the 
fundamental condition of scientific advance. 

Something less than justice has been done, on the 
whole, to the stand against the threat to intellectual 
freedom which has been made by men of science in 
the United States, both within and without the 
universities. 'That is one reason for welcoming the 
special issue of the Bulletin of the Atomic Scientists 
(8, 209; Oct. 1952), which is devoted to American 
visa policy in its relation to foreign scientific workers. 
Ultimately that policy, whatever its effects, is a 
matter for American scientific men and their fellow 
citizens, and there are details on which comment 
from outside would rightly be resented. The experi- 
ences of British, French and other European scientific 
men narrated by the individuals directly concerned 
are indeed purely factual, and in their range they 
show clearly the extent to which the policy is of 
international concern and is handicapping scientific 
work and communication generally. The survey 
includes the text of the relevant passages of the 
Internal Security Act of 1950, generally known as 
the McCarran Act. American comments are often 
critical but also constructive, recognizing as clearly 
as Prof. A. V. Hill, in his presidential address to the 
British Association, that complete abandonment of 
secrecy is out of the question and that some measures 
of control in the interest of security are inevitable. 
But this indictment by American scientific men and 
other scholars of their Government’s policy and its 
execution cannot be read outside the United States 
without recognizing the courage and honesty required, 
in present circumstances, of those who framed it. 

Any foreign comment on this issue must start by 
way of tribute to that courage and sincerity. That 
alone should dispose of any fear expressed by Prof. 
E. A. Shils in his editorial, “America’s Paper Curtain’, 
that this exposure will do more harm than good. 
Attempts to use such material against the United 
States are out of the question while it remains 
manifestly impossible for any corresponding protest 
against government restrictions or policy to be 
voiced behind the Iron Curtain. Against such risks 
the issue seems admirably designed to promote that 
formation of ealightened American public opinion 
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which is the essential preliminary, either to the wjccp 
execution of the present policy or to its modifieat joy 
in the direction they indicate. 

Prof. Shils, in this editorial, points out that the 
survey has been confined almost entirely to scien: 
workers, with three illustrative instances from ot}er 
fields of learning. It includes an account from Prof. 


tie 


L. Pauling of the Department of State’s refusa! of 


his request for a passport last February and its 
ultimate issue in July more than two months after 
the Royal Society discussion which he had origin:||y 
proposed to attend. Prof. Shils comments that Prof. 
Pauling’s statement shows that the fundamental! 
errors of the present policy are not due to legitimate 


concern with security, but are the manifestations of 


an underlying xenophobia and of an undue sensitivity 
to eriticism. He is concerned that the refusa! to 
allow foreigners to discuss unclassified 
matters freely with American scientific men, and 
efforts to prevent American scientific men with no 
classified information from going abroad to meet 
European men of science, falsify the United States’ 
claim to leadership in the defence of the free society 
of the West. Prof. Shils touches briefly but adequatel; 
on the more personal consequences of delay or refiisal 
to issue a visa, against which it was necessary some 
years ago to protest in Great Britain also (ef. Nature, 
156, 215; 1945). Any strain which he fears the 
present American policy is likely to place on the faith 
of overseas men of science in the soundness of a 
common cause with the United States should, how- 
ever, be more than eased by the dignified protests 
made by Prof. Shils himself and by his fellow citizens 
such as Dr. A. Einstein, Prof. H. A. Bethe, Prof. 
H. C. Urey, Prof. J. Franck, Dr. A. H. Compton, 
Dr. W. P. Murphy and others. Incidentally, this 
number should remove any misgivings as to the 
attitude of American men of science that may have 
been read into Dr. D. W. Bronk’s address to the 
British Association in Belfast last September. 

Prof. Sl.ils’s argument is, however, mainly that 
the McCarran Act impedes American efforts to block 
the Communist attempt to dominate the mind of 
Europe and to break the North Atlantic Treaty 
Organization, and that it also weakens the security 
of the United States itself. International scientific 
organizations, he points out, are already beginning 
to avoid arranging meetings in the United States, 
with a loss to science in the United States which no 
expenditure or apparatus can replace. Free informal 
contact, the exchange of impressions and_ inter. 
pretations, and the comparison of results and pro- 
cedures in face-to-face conversations retain all their 
advantages and are indispensable. 

These points are reiterated in a report prepared by 
a Committee of the Federation of American Scientists, 
of which Prof. V. F. Weisskopf was chairman. The 
report, however, merely makes the points that the 
present visa policy is contrary to the fundamental 
principles of American political philosophy, that it is 
harmful both to science in the United States and to 
scientific life in Western Europe and that it is 
seriously weakening the position of the United States 
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ibroad : no concrete proposals are advanced, how- 
ever, for the revision of the Internal Security Act and 
the Immigration and Nationality Act, both of which, 
it may be recalled, were vetoed by President Truman 
and sustained by Congress over his veto. Prof. Shils, 
after remarking on the need for consular officers 
responsible for decisions about visas to be more 
realistic and better informed, makes several definite 
suggestions, which in essence amount to a plea for a 
return to common sense and to common humanity 
which might be noted and heeded in other countries 
hesides the United States. In particular, Prof. Shils 
suggests that the law should be changed so that those 
who have not been members of Communist groups 
for the past five years shouid be able to enter the 
United States for scientific purposes ; and he protests 
iainst the absurdity of applying the same rigorous 
criteria to a visitor for a few weeks or months as to 
a prospective permanent resident or citizen, as is done 
by the present law. Equally he argues for a more 
particularized defence against alien subversives and 
less diffuse fear of foreigners and of scientific men. 
Both the law and legislators should permit adminis- 
trators to free their minds from the constant and 
obsessive pre-oceupation with Communist subversion 
whenever they deal with a foreigner or a scientific 
worker. Consuls should be given discretionary powers 
to grant, as well as to refuse, visas, and be expected 
to use them. 

The most encouraging feature of this review is the 
emphasis on positive measures. It is recognized that 
full provision must be made for counter-intelligence 
and security services. No countenance is given to 
the doctrine, which was condemned forthright by 
Prof. A. V. Hill, that the freedom of conscience, 
which is the first condition of freedom, for the 
scientist as for any other citizen, extends to the 
giving away of other people’s property, whether of 
goods or knowledge. Implicit in the survey is the 
belief that scientific men are loyal and can be trusted, 
and the whole issue may be taken as a considered 
attempt to dispel the distrust of the educated and 
the suspicion of. the which are clearly 
preventing the reasonable working of even existing 
regulations and policy. 

The existence of 
which are partly responsible for the present timidity 
of consular officials in granting visas, is as manifest 
in wus survey as in the address on that specific 
subject which Prof. Kirtley F. Mather delivered at 
the annual meeting of the American Association for 
the Advancement of Science in December 1951 (see 
Science, 115, 533; 1952), and is indeed one reason 
why this issue of the Bulletin of the Atomic Scientists 
is of general interest. These trends are not confined 
to the United States. They are to be found in 
Britain also and are of increasing importance as the 
dependence of scientific research upon public funds 
for support rather than upon independent or private 
endowments continues to grow. They are responsible, 
too, for the misunderstandings and uninformed 
judgments which sometimes hinder the furtherance 
of scientific work in Great Britain. 


scientist 


certain anti-scientifie trends, 
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Prof. Mather, like Prof. Hill, sees that in the 
practical world of to-day complete abandonment of 
secrecy, in government and in industry, is out of the 
question. The limits of such secrecy have to be 
determined as a matter of practical policy by honest 
and courageous effort, and the first steps in that 
direction for American scientists have been indicated 
by Prof. Mather and now by Prof. Shils and others. 

These measures have their implications for scientific 
It is not sufficient to acknowledge 
these against 
The convictions on 


men elsewhere. 
the courage displayed in 
illiberal practice and policy. 
which they are based are shared by men of science 
everywhere, and the Jefferson dictum quoted by Prof. 
Mather, ‘‘We are not afraid to follow truth wherever 
it may lead, nor tolerate error as long as reason is 
left free to combat it’’, echoes the earlier words of 
Milton : ‘“‘who ever knew Truth put to the worse in a 
free and open encounter ?”” And men of science in Great 
Britain too must Prof. Hill reminded 
them, that the prestige of science is not their personal 
property, but a trust which they have an obligation 
to pass on uncompromised to their successors. 

This issue of the Bulletin of the Atomic Scientists 
represents, in fact, a step in a campaign of public 


protests 


realize, as 


education directed specifically, as Prof. Mather 
suggested, against what appears to be a _ well- 
organized attempt to paralyse all independent 
thought, discussion, dissent and protest in the 


United States. The extent to which in recent Parlia- 
ments in Britain independent opinion has been ex- 
cluded is sufficient reminder that a like danger exists 
here also, and that British scientific workers must 
take their share in the task of educating public 
opinion as to what is required if a free society is to 
continue. Neither science itself nor a free society can 
long flourish in the climate of fear and negation 
against which this American protest is directed. 

To place confidence in scientific security is, as Mr. 
H. A. Wallace told President Roosevelt’s Cabinet, to 
rely on the imagined security of a Maginot Line. 
Only such a dynamic and positive policy as the 
Steelman Committee visualized can provide an 
adequate basis for security ; but to achieve such a 
policy demands both public understanding of the 
nature of scientific and technological advance and 
confidence in the scientist and technologist. With 
the work of education involved in this first task must 
go an attempt to repair whatever shocks public 
confidence has undoubtedly received from recent 
episodes. This question of professional loyalty seems 
to be worth a little closer attention by professional 
bodies, as indeed seems to be implied by Prof. Hill’s 
remark in his presidential address to the British 
Association ; and while it may be of some interest 
and profit to discover the real causes of the excep- 
tional failures in loyalty, whether to a professional 
tradition or scientific discipline or to a community, 
it is imperative to satisfy the community of the basic 
loyalty of the overwhelming majority of scientists 
and technologists. 

That is one step towards establishing the full 
understanding and confidence, which can deprive 
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present anti-scientific trends of their real power. 
Clearly it is one which could well be taken even more 
effectively by joint action between British and 
American men of science, as was indeed suggested 
by Dr. J. B. Conant in his Stevenson Memoria! 
Lecture last March. It is perhaps curious that tnis 
issue of the Bulletin of the Atonvic Scientists is so pre- 
oceupied with the exclusively American aspects of visa 
policy that no attention is given to the wider aspect 
of the secrecy question and the suggestion for Anglo- 
American co-operation made by Dr. Conant. It may 
be hoped, however, that this indication of the extent 
to which scientific opinion in the United States and 
in Britain is in line on the issue of the interchange 
of knowledge and the problem of secrecy in relation 
to security will give a fresh impulse to a co-operative 
attempt to find a satisfactory solution to problems 
as yet unresolved in either country, which in essence 
are a particular aspect of the general one of power 
and responsibility. As Dr. J. Bronowski insisted at 
the Present Question Conference in 195], it is a 
responsibility of the scientist to-day to become a 
teacher to the whole community, so that society 
learns to understand the implication of his work. 
Only when that task is discharged with imagination 
can society wisely exercise its own responsibility, 
directing its policy towards ends which turn to good, 
and entrusting the execution of its policy to those 
who will do so with courage and with wisdom. 


LINNAEUS REDIVIVUS 


Carl Linnzus 

By Knut Hagberg. Translated from the Swedish by 
Alan Blair. Pp. 264+ 4 plates. (Londor: Jonathan 
Cape, Ltd., 1952.) 18s. net. 


9° 
Svenska Linné-Sallskapets Arsskrift 
Arg. 33-34, 1950-51. Pp. iii+188. 
Almquist and Wiksell, 1951.) 
CCORDING to the publisher, inspired doubtless 
by the author himself, this work has not been 
written for the specialist, nor does it aspire to be a 
normal biography following traditional lines. Rather 
is it an analysis of the outstanding personality of the 
“greatest rational and consistent scientific genius 
that Swedish cultural history has known”. It is 
claimed that Linnzus was not only a great botanist, 
but also that he excelled as a philcsopher and a 
master of his own language, whose purpose it was 
to standardize a system of botany consistent with a 
designed and orderly creation by the Deity. This, 
says Linnezus, was possible by a study of Nature 
herself, but was not deducible from books. 

Knut Hagberg’s restrictions of the scope of his 
work are not always conducive to a just under- 
standing of Linnzus’s contributions to biology. Thus, 
in the section on “Floral Nuptials’’, the lay reader 
will not be able fully to assess Linnzus’s attitude 
towards this very important matter, nor will he 
gather what was his contribution to the discovery of 
the facts and the part he played in accepting and 
exploiting them in his schemes of classification. It 
is to be noted that Sachs, a great and not always a 
just and fully informed critic, while asserting that 
Linneus added nothing new to the sex theory of 


(Uppsala : 
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plants, allows that he contributed essentially to its 


recognition, and thus acquires an overwhelming 
importance for the skilful way in which he gatherod 
up all that had been done before him and fused 
together the scattered acquisitions of the past. This, 
Sachs concludes, is the great and characteristic mevit 
of Linneus. It is unfortunate, as Hagberg regretfully 
admits, that ““Linnzus would never have admitt«d 
his debt to a predecessor. Such was his dispositicn 
and we must bear with him’’. 

Linnzus’s study of Nature exposed some startling 
and distressing anomalies, which he accepted without 
attempting to explain, or even realizing that some 
explanation was expected of the philosophic naturalist. 
For example, in his paper on the ‘gadfly’ (= warble 
fly, Oedemagena tarandi), which attacks the reindver, 
he is full of admiration for the skill exhibited by the 
(Creator in adapting the insect to a complex |ife- 
history of merciless parasitism, Dut has no thought 
or pity for the miseries endured by the tormented 
reindeer, which, none the less, he describes in detail. 
Such examples of the ruthless struggle for existence, 
in which he ‘believes that some species have been 
specifically created for the torment and destruction 
of others, appeal to him only as glorious spectac/es 
of the wisdom of God, and he views with revere 
but unsympathetic enthusiasm the existence of 
poisonous snakes as masterpieces of the wondertul 
power of the Creator. He had evidently no con- 
ception of the possibility that inflexible natural laws, 
acting mechanically on plastic material, would 
produce a fortuitous medley of living organisms. 

The views of Linnzus on evolution begin in 175] 
with the statement of ‘fact’ that the number of 
species now existing is the same as that created at 
the beginning of the world. Later, however, he came 
to accept that species and genera were the products 
of time, but continued to hold that the natural 
orders were the works of the Creator. This does not 
mean that he had hit upon the idea of evolution. 
since he maintained that the emergence of new forms 
would of necessity result from the incidence of cross 
breeding. However, albeit with some reluctance, he 
no longer denies that new species have, in fact, arisen 
in time. This marks the complete abandonment of 
his original conception of species. What he con 
sidered he had discovered was the plan of the 
creation. To quote his own words: “God _ has 
suffered him to peep into his secret cabinet. God 
has suffered him to see more of his created work than 
any mortal before him. God has endowed him with 
the greatest insight into natural knowledge, greater 
than any has ever gained. The Lord has been with 
him, whithersoever he has gone, and has exterminate« 
all his enemies for him, and has made of him a great 
name, as one of the great ones of the earth’. Hag 
berg’s comment on such naive and frank mani 
festations of our egocentric is: “Linnzeus was not 
one of those who doubt themselves or the significance 
of their achievements. It would be hard to find more 
unstinted admiration of his importance than that he 
himself expresses in many places . . . the thought 
is always there that God’s blessings towards him have 
indeed been justified’’. 

There are many passages in this original and deeply 
interesting study which would call for notice if space 
were available, but a few others need revision or 
correction. Among the latter is the statement that 


Thomas Bewick owes something to the literary style 
of Linnzeus. The text of Bewick’s works was written 
by Ralph Beilby, except that, when Beilby broke 
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away from the partnership, Bewick had to write the 
text of Part 2 of the ‘Birds’ himself. He did this 
of necessity and with many misgivings, and it is 
difficult to discover in the result any traces of the 
influence of Linnzus. Again, Hagberg’s description 
f Clerck’s work on Swedish spiders as a “lovely book 
whose pictures are an abiding source of joy’’ makes 
one wonder whether he is acquainted with those 
classic illustrated texts of zoological literature to 
which alone such an encomium can reasonably be 
applied. 
The lack of an index is to be regretted. 
F. J. Cote 
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THE IRIS IN THE SOUTHERN 
HEMISPHERE 


The Iris and its Culture 
By Jean Stevens. Pp. 168+ 20 plates. (Melbourne and 
Sydney: Lothian Publishing Co. Pty., Ltd.,n.d.) 45s. 

N Britain lovers of the iris are generous] provided 

with works of reference. Apart from W. R. 
Dykes’s large monographic study of the genus, still 
the standard work and long likely to remain so, 
there are his shorter works and numerous papers on 
the culture and breeding of these plants, and, as 
recently as 1950, Mr. N. Leslie Cave’s very inform- 
ative and practical handbook. The needs of American 
iris growers in large measure have been met by the 
American Iris Society’s publication in 1947 of a 
comprehensive treatise, “The Iris, an Ideal Hardy 
Perennial”, and by the late Prof. Sydney Mitchell's 
“Trises for Every Garden”’. 

No such works have been available for growers of 
the iris in the southern hemisphere, where, because 
seasons and conditions, and consequently horti- 
cultural practice are so different, growers cannot use 
profitably much of the information contained in 
books concerned with culture in the northern hemi- 
sphere. Thus an authoritative statement, especially 
a cultural statement, on this genus as it is grown 
in New Zealand and Australia has long been desirable 
and at last has been made by Mrs. Jean Stevens, the 
federal president of the Australian and New Zealand 
Iris Society and the first president of the New 
Zealand Iris Society, and who for more than twenty 
years has been a successful cultivai or of the numerous 
species of this genus, and a noted breeder with an 
international reputation of the more numerous 
garden hybrids, especially the tall bearded irises. 

“The Iris and its Culture’’, therefore, is the first 
handbook on irises to be written for gardeners in 
New Zealand and Australia, and as such it is 
eminently suited to its purpose. One half of the 
book is devoted to a classification of the genus and 
to a description of the various species from a horti- 
cultural point of view. In a country such as New 
Zealand where, apart from privately owned copies, 
Dykes’s monograph apparently is available only in 
the County Library Service in the South Islan’, 
specific descriptions of some kind obvicusly are 
essential. These descriptions, however, are no mere 
rehashes of those of Dykes, but are written from 
personal observation and experience, for the author 
has grown and flowered almost all the species dis- 
cussed. As a result of the information of intense 
practical value which is woven into this enumeration 
of the species in their various groups, readers will 
not be tired and irritated (so often the reaction of 
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the practical gardener to species descriptions) by 
this section of the book. 

The rest of the book—the first seventy-five pages 
in the main is concerned with the history, breeding 
and cultivation of the hybrid bearded irises which 
have been bred for more than a century, have been 
popular with many growers for some twenty to 
twenty-five years and which, due to their vast 
improvement in colour, form and substance, during 
the past ten years or so have rushed meteorically to 
the forefront of gardening in both hemispheres. 
Because most of the emphasis on iris growing to-day 
is on the bearded irises, and because Mrs. Stevens 
can speak authoritatively (she is recognized as one 
of the foremost breeders of bearded irises in the 
world, and with her irises Pinnacle and Summit has 
raised the first white and yellow bicolours—white 
standards and yellow falls), one does not feel that to 
devote one half of the book to this group of plants 
is to give them much greater prominence than their 
position in the genus merits. The reviewer does feel, 
however, that the author could have elaborated her 
two chapters on the breeding of the bearded irises to 
the extent of introducing and explaining such terms 
as diploid, tetraploid and polyploid. By so doing, 
the true significance of the year 1900 in the evolution 
of the tall bearded iris could have been made plain. 
All hybrid bearded irises raised up to 1900 were 
diploids, and their parents were the tall-stemmed 
blue-violet flowered Iris pallida from Dalmatia and 
the short-stemmed yellow flowered J. variegata of the 
Balkans, and some of their natural hybrids such as 
I. squalens, I. neglecta, I. plicata, I. amena, etc. In 
1900, the Asiatic species I. cypriana, I. trojana and 
I. mesopotamica, all large-flowered and tall-growing. 
and all of them tetraploids, were introduced into 
Britain and were used more and more in breeding. 
As a result, by 1915, 33 per cent of the hybrids in 
Britain were tetraploids ; by 1920, 45 per cent were 
tetraploids ; by 1930, 75 per cent were tetraploids ; and 
by 1940 there was scarcely a diploid tall bearded iris. 

As for the illus. ations of Mrs. Stevens’s book, only 
some of the sixteen monochrome plates are good, 
and even though the best of them give some indication 
of the colour patterns of the flowers, none gives any 
idea of the actual colours or of the flower texture. 
More colour plates of the calibre of the frontispiece 
illustrating many of the colour forms of I. innominata 
or of I. gracilipes would have enhanced the book 
greatly—though perhaps at the same time have 
increased considerably the published price, which 
even at 45s. those in Britain who are interested in 
the genus are likely to regard as somewhat prohibitive. 

H. R. FLETCHER 


ANTHROPOLOGY DURING THE 
PAST CENTURY 


A Hundred Years of Anthropology 

By T. K. Penniman ; with Contributions by Beatrice 
Blackwood and Dr. J. S. Weiner. (The Hundred Years 
Series.) Second edition, revised. Pp. 512. (London : 
Gerald Duckworth and Co., Ltd., 1952.) 30s. net. 


HIS work is up to p. 344 a reproduction of an 
earlier work which was first published in 1935. 
The publisher’s claim printed on the dust-cover that 
it reappears revised is not confirmed by the author, 
who speaks of photographic reproduction with minor 
emendations. There remain to review here its final 
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pages, which discuss the subject of anthropology 
since 1935. 

The section on prehistory and technology in the 
Old World, pp. 345-375, records considerable pro- 
gress in Near-Eastern archeology since 1935, gives 
an account of the titles of the main works concerned 
and sometimes adds a few sentences indicating the 
general nature of their contents. There are interesting 
accounts of methods employed in dating archeological 
discoveries. The author only lapses into speculation, 
however, when he suggests that, if all modern inven- 
tions were lost, those made in the Near East about 
the fifth millennium would still make the good life 
possible, and when he asserts that prehistoric art 
was done partly for art’s sake and partly to aid the 
artists to control the incalculable in life. 

There follows a survey of physical anthropology 
since 1935 written by J. S. Weiner (pp. 376-412). 
Weiner mentions, among other matters, that it still 
remains for the physical anthropologist to demon- 
strate in the field how the biological properties of a 
community and its social organization are inter- 
related. He tends to over-emphasize the comparative 
importance of the study of discontinuous variation, 
on the grounds that the gene systems underlying 
blood groups are known, whereas the study of con- 
tinuous variation by ‘traditional’ anthropometric 
measures uses phenotypic criteria the genetic bases 
of which are unknown. 

Miss Beatrice Blackwood gives an account of 
Americanist studies (pp. 412-40), which is adequate 
except that it omits sociological and psychological 
studies of the American Indian from review, and 
refers the reader to a bibliographical paper published 
elsewhere for titles of such studies. 

The final fifteen pages of text on general ethnology 
and social anthropology list some titles of books, 
and lay disproportionate stress upon such purely 
occasional papers as a bibliographical Americanist 
paper by Betty Meggers and a chapter in “The 
Development of Scientific Thought in the Twentieth 
Century’, edited by A. E. Heath, by Meyer Fortes. 
The works of Margaret Mead, which are inter- 
nationally known for their value, are not mentioned. 
Otherwise these pages are mainly concerned with a 
difference of opinion of small importance between 
Radcliffe-Brown and Evans-Pritchard. Radcliffe- 
Brown considers that sociology will yet become a 
natural science; Evans-Pritchard points to an 
absence of laws of social organization discovered to 
date, repre ents himself as a “functionalist seeking 
a new orientation’’, and in common with Radcliffe- 
Brown ignores the possibility of knowledge of social 
psychology. There is a long résumé of a single lecture 
by Evans-Pritchard, but the works of Peristiany, 
Nadel, Gluckman, Hunter, Kuper, Godfrey Wilson, 
Hallowell, Embree, Oliver and many others are 
completely overlooked. Since there is no evidence of 
similar loss of proportion or failure of good judgment 
in the preceding three sections of the book reviewed, 
the author’s more than ordinary concern here that 
the works of a few persons now or recently at Oxford 
should be given such prominence is all the more 
remarkable. The result is not a judicious appraisal. 

About psychological studies, it has been said that 
anthropologists who discuss topics of the nature of 
motivations and attitudes attempt to explain social 
phenomena in terms of individual psychology ; but 
the social anthropologist and the psychologist study 
different kinds of phenomena—the former social 
systems, and the latter psychical systems—and what 
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one studies cannot be understood in terms of ¢«n- 
clusions reached by the other. It has also been siid 
that those who study topics of the nature of motiy es 
and attitudes avoid the real work of ethnology as 
drastically as those who study nothing but social 
organization, and explain what they study in teriis 
of the functional efficiency of organization in mai: 
taining itself. These criticisms are actually 1 
substantial, since knowledge of any  still-existi 
society depends absolutely upon knowledge of 
individuals who are in that society or who share that 
culture. The ethnological or social anthropologist 
critic owes his own knowledge of still-existing peoples 
to the study of individuals in disregard of antitheses 
between individual and society, organism and 
environment, personality and social structure, at |cast 
until the last minute when he begins to write down 
what knowledge he possesses. R. F. Forroun: 


EXPERIMENTAL METHODS IN 
ARABLE HUSBANDRY 


The Practice of Arable Crop Experimentation 
By P. N. Harvey. Pp. vii+79. (Norwich: Norfolk 
Agricultural Station, Sprowston, 1952.) 6s. 

N the literature of agricultural experimentation the 

statisticians are much more in evidence than tl 
field workers; but no matter how ingenious and 
adequate statistical methods may be, their practical 
value in dealing with agricultural problems large|; 
depends on the common sense and skill of those whw 
handle the experimental operations on the farm. As 
soon as crop trials became something more thar 
rough yield comparisons between treated and un 
treated halves of the same field, some sort of techniqu 
became necessary, and this has been developed during 
the past thirty years both to meet the needs of th 
newer experimental designs and to reduce working 
errors. The people responsible for this have been thv 
field supervisors and farm managers of experimental 
farms, with the statistician available to advise on 
matters of principle. The methods develope. 
although recorded in scattered memoranda and 
papers, have not been widely published, and it is 
here that Mr. P. N. Harvey’s book makes a useful 
addition to the literature. 

The Norfolk Agricultural Station at Sprowston 
was well established when the new experimental! 
designs began to be introduced in the early ’twenties. 
and it was quick to adopt them in its studies of crop 
husbandry. Mr. Harvey puts on record the fiel 
methods that have been gradually built up an 
developed at the Station for experiments on arab|: 
crops. The operations are described in detail with 
the drawings that are necessary to make the procedure 
intelligible. The subject-matter covers the choosing 
of land, the marking out and sowing of plots, and 
the harvesting and sampling of cereals and roots. 
The procedure adopted for harvesting plots by 
combine, a recent development of great promise, is 
dealt with at length. There are also sections dealing 
with the application of fertilizers and the calibration 
of seed and manure drills. 

There is no finality in these methods, and field 
experimenters, now an increasing company, are 
recommended to read this book, for it will provide a 
basis on which to review and, in many instances, to 
improve their own procedure. For students it is an 
excellent introduction to the subject. 
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ACCURACY AND SENSITIVITY OF THE HUMAN EYE 


By Dr. M. H. PIRENNE 


Physiology Department, Marischal 


T is well known that the sensitivity of the human 

retina is so high that a few quanta absorbed by 
the retinal photoreceptors can initiate a visual 
response!~*, We wish to show here that this finding, 
obtained in special laboratory experiments, is also 
valid for ordinary vision over a wide intensity-range 
up to daylight intensities sufficient to give accurate 
form vision. In this range the finest details visible 
are almost as fine as they could possibly be in 
terms of the amount of light absorbed by the 
photoreceptors. Visual acuity and _ retina! sens- 
itivity are here linked together, reaching almost to 
the natural limit set by the quantum properties of 
light. 

A large continuously exposed field, emitting light 
of wave-length 0-51 u, can just be seen by the dark- 
adapted eye when it produces’ a retinal illumination 
of about 30,000 quanta em.~? sec.-!. (This and all 
subsequent values for retinal illumination are uncor- 
rected for the light losses in the eye media, the 
extent of which is not known with a high degree of 
certainty’.) The above illumination corresponds 
approximately to one quantum striking a given rod 
on the average every 1,000 sec., a fine retinal rod 
(or central foveal cone) being 2-2-5 microns in 
diameter*. 

It follows that, at an intensity-level 10° times above 
threshold, about 100 quanta strike a given receptor, 
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Fig. 1. Variation of visual acuity with light intensity. Acuity 
and intensity are both plotted on logarithmic scales. The upper 
scale gives the retinal illumination in trolands. One troland 
(0 on the log scale) corresponds to about 20 quanta of the most 
effective wave-length striking a retinal area 2 microns in diameter 
per sec. The lower scale gives the field intensity in candles per 
square metre. The point 7 represents the threshold intensity for 
a field 50° in diameter. The lower part of the curve up to about 
i (tr.) corresponds to peripheral (rod) vision; the upper part, 
from 0°5 (tr.), to foveal (cone) vision ; the intermediate region to 
parafoveal vision. (+, unpublished measurements by M. H 
Pirenne ; @, measurements by Shlaer, ref. 11) 


and Dr. E. J. DENTON 


College, University of Aberdeen 


rod or cone, every second. Only a fraction of such 
quanta are absorbed by the photoreceptors. Absorp- 
tion by visual purple, the visual pigment in the 
dark-adapted rods, is probably of the order of 10 per 
cent. In the case of the cones, about the pigment of 
which little is known, it is generally believed that 
the absorption is lower than, or at the most equal 
to’, that in the rods. Thus at an intensity 10° times 
threshold a vod absorbs about 10 quanta per second, 
a central cone possibly less. Therefore, as Baum- 
gardt®!° has emphasized, even at high subjective 
levels of illumination, we are dealing with chemical 
reactions of a very special kind, the photochemical 
side of light-adaptation due to the bleaching of visual 
pigments being probably unimportant since the 
number of quanta absorbed is so small in comparison 
with the number of pigment molecules in the 
photoreceptors. 


Change of Visual Acuity with Intensity 


With increasing light intensity, the ability of the 
eye to distinguish detail generally increases until it 
reaches &@ maximum value. Fig. 1 shows the results 
of experiments upon visual acuity made using black 
Landolt test objects (Fig. 2) upon an illuminated 
background. Visual acuity is defined as the reciprocal 
of the angle, in minutes of arc, subtended at the eye 
by the gap a of the smallest Landolt C which can be 
discriminated. 

At any given illumination it is possible to calculate, 
from the data given in Fig. 1, the number of quanta 
which fall per second into the retinal image of the 
gap a of that Landolt C which can just be discrimin- 
ated. For example, when the visual acuity is equal 
to unity, the gap a subtends an angle of 1’ at the 
eye, the retinal image of a is 4:85u square, the 
minimal illumination necessary is about 130,000 
times the absolute threshold, and the retinal area 
corresponding to a receives (for the most effective 
wave-length) about 900 quanta per second. The 
results of similar calculations are tabulated in the 
accompanying table. 

It is seen that for a wide range of acuities, from 
0-01 to 1, and of intensities from 5 to 10° times the 
absolute threshold, the intensity of light striking the 
retinal image of the smallest detail detectable is of 
the order of 140-900 quanta per second. 

Now the retina does not sum up the action of light 
over long exposures like a photographic plate. There 


No. of quanta falling into 


Acuity the gap a per sec. 
0-003 1,200 
0-01 270 
0:03 138 
0-1 270 
0°3 780 
1-0 890 
16 2,240 
2-0 5,600 
2-4 120,000 
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Fig. 2. Landolt test object. The letter a is added here merely 
to designate the gap in the broken ring; test objects used for 
acuity measurements do not contain it 


is @ maximum duration over which such summation 
can take place. For small areas in the periphery, the 
‘retinal action time’ corresponding to complete 
physiological summation is about 0-1 sec. For larger 
areas it is shorter ; but it is followed by an important 
period of incomplete summation!*. For cone vision, 
the action time is apparently shorter than for the 
rods'*, The value 0-1 sec. may thus be taken as an 
estimate of the retinal action time. In this connexion 
it will be borne in mind that, in the normal use of 
the eye, the eyeball moves in saccadic fashion, the 
retina generally taking a succession of discrete 
‘snapshots”!*!> each with an exposure of the order of 
0-2 sec. 

Taking 0-1 sec. as unit time, the values of the 
amounts of light striking the gap a become 14-90 
quanta. Now, experiments performed under special 
conditions by Hecht, Shlaer and Pirenne showed 
that, in order to be just visible to the dark-adapted 
subject, a flash of light must contain a nominal 
number of quanta of about 100 (54-148 quanta, at 
the cornea, depending on the subject!*). The light, 
of wave-length 0-51 u, was made to fall in the’ peri- 
pheral retina, 20° from the fovea, and came in a 
0-001-sec. flash, from a test field subtending 10’ at 
the pupil. According to the experiments of Graham 
and Margaria’*, made 15° from the fovea, the 
threshold value, using the same time of exposure, 
would be almost the same for larger fields, up to 1° 
in diameter. For a 10’ field and a 0-1-sec. flash, the 
number of quanta necessary would be about 150; for 
1° and 0-1 sec. it would rise to about 200. The 
quantities of light striking, per retinal action time, 
the retinal image of the smallest detail detectable, 
are therefore of the same order as those corresponding 
to the absolute threshold measured with a flash at 
the cornea of the eye. (They appear to be somewhat 
lower than the quantities corresponding to a flash, 
but the accuracy of the present calculations is not 
sufficient to prove that this difference is genuine. 
The upwards trend from acuity 0-01 to 1 in the 
values of the second column of the table should be 
regarded with the same caution.) We may conclude 
that the part of the retina receiving the image of the 
gap a can scarcely be excited above its absolute 
threshold under the conditions considered here. In 
the flash experiments, on the basis of various direct 
and indirect calculations, it is generally taken that 
the minimum number of quanta which must be 
absorbed by the retinal receptors for a threshold 
stimulation lies between 2 and 10 per flash'-*. Similar 
numbers of quanta must be absorbed here by the 
receptors receiving the image of the gap. 

These calculations would be seriously in error only 
if effective light absorption by the cones were 
markedly higher than by the rods, which seems very 
unlikely. At the present stage, however, particularly 
because the properties of the cones are still imper- 
fectly known, it is scarcely possible to determine the 
exact intensity-level at which the absolute threshold 
of the region corresponding to a is definitely passed. 
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At the highest intensities, acuity is limited by other 
factors, including the wave properties of light!!:'’. 


Retinal Units 


It would be impossible for each rod and each core 
to act as an independent retinal unit, because tlie 
number of rods (120 million) and of cones (6 million) 
greatly exceeds the number of independent patlis 
available in the optic nerve (1 million nerve fibres)!’ 
It is known from anatomical studies that the retina 
contains bipolar or ganglion cells making connexivns 
with greatly varying nuribers of receptors, from tens 
of thousands of rods in the periphery to single cones 
in the fovea'®!*, In many cases, rods and/or cones 
must function as compound units connected to one 
optic nerve fibre, as observed electrophysiologic:lly 
in animal retinz*®**, 

Now, at a given level of illumination the areas of 
the retinal units used for discriminating a Lando! (' 
cannot have diameters much greater than the siz: of 
a, the gap in the C which can just be discriminated. 
Otherwise the shape of the ring itself, the diameter 
of which is only 5 x a, could not be seen, whereas it 
is found that the shape of the ring always becomes 
visible at an intensity less than that necessary to see 
the gap. Since the retinal image of the just dis- 
criminated gap becomes smaller with increasing 
intensity, and since the size of the functional units 
must approximate to the size of this image, it follows 
that the retina must work in smaller and smailer 
functional units as the retinal illumination increases. 
It is known that the region giving the most accurate 
vision of detail shifts from the periphery to the 
parafovea and then to the fovea as the light intensity 
increases’. This is @ movement to areas of the 
retina containing receptors organized in progressively 
smaller groups!*!®, 

The following general explanation suggests itself. 
The sensitivity of the smaller units is lower in terms 
of retinal illumination because they are made up of 
fewer receptors, and perhaps because their con 
stituent receptors (cones) are less sensitive. At any 
given intensity that retinal region is chosen which 
provides the finest mosaic of retinal units capable of 
working at this intensity. If the intensity were higher 
a mosaic of smaller units would be active in a mor 
central region of the retina; but at the level con- 
sidered, these units are not functioning because their 
absolute thresholds are not reached. 


Organization of the Retina 


Even.in a given, constant, region of the retina, 
visual acuity increases considerably with increasing 
intensity, until it reaches a maximal value char- 
acteristic of the region chosen. Now, every retinal 
region contains ganglion cells connected to varying 
numbers of receptors and thus forming retinal units 
of various sizes'*!®, Here, again, it is reasonable to 
think that the increase of acuity is due mainly to 
the coming into play of smaller and smaller units. 
Further, it is likely, because the threshold values are 
so low, that all the receptors are shared in common 
by functional units of different sizes. The following 
theoretical scheme gives a concrete illustration of 
this idea; to simplify the argument, only two 
groupings of rods are considered (Fig. 3). Consider 
40,000 neighbouring rods connected to one single 
ganglion cell and optic nerve fibre. These rods form 
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Fig. 3. Diagram of suggested retinal connexions. A large func- 

tional unit, A, and part of another, B, are shown. The same 

receptors R which form A and B are also connected in a different 

way to form smaller units such as C. At sufficiently high intensities, 

the small units absorb enough quanta to respond; but at low 

intensities they do not, only large units summating enough light 
to remain active 


one functional unit about 0-6 mm. in diameter on 
the retina, subtending a visual angle of 2°. Suppose 
the same group of rods is subdivided into 100 groups 
of 400 rods, each group being again connected to a 
separate ganglion cell and nerve fibre. In order to 
stimulate either the large unit or any one of the 
small units, a minimum of 6 quanta must be absorbed 
in the corresponding receptive field during a retinal 
action time of 0-1 sec. When the mean total number 
of quanta absorbed by the large unit is, for example, 
10 quagta, the threshold of this unit will generally 
be passed and the unit will be active. But the small 
units then receive only an average of 0-1 quantum 
each, and remain generally inactive. If the retinal 
illumination is increased 100 times, however, the 
absolute threshold of the small units will be reached. 
Thus, without any switching mechanism to change 
nervous connexions in the retina, a finer mosaic of 
retinal units will automatically come into play when 
the/intens:.y is increased. 

At inteasities near the absolute threshold for large 
fields, only the largest peripheral retinal units, which 
are indeed of the order of 2° in diameter*‘-*’, can be 
excited. Moreover, there must be a lower range of 
intensities in which even they are not all excited**’, 
since there is an intensity-range over which it is 
uncertain whether a retinal unit will respond or not. 
This uncertainty is an empirical fact of observation ; 
it is explainable to a large extent on the basis of the 
purely physical fluctuations of the stimulus itself, 
but there may also be biological variations of sensi- 
tivity'-*. On account of this uncertainty of response, 
and of possible threshold differences from unit to 
unit, the number of units active increases with 
intensity until all are excited. As this recruitment 
progresses, the unstimulated gaps between active 
units become smaller and eventually disappear. The 
retinal mosaic formed by the large units thus becomes 
functionally finer, up to a point, and visual acuity 
increases with intensity. Experiments on the 
visibility of black disks presented 20° from the fovea 
in the middle of a large field exposed in flashes gave 
results in agreement with this theory**. At a level 
about ten times the absolute threshold all the large 
units are active, the first branch of the acuity- 
intensity curve ending as a small plateau at an 
acuity value of 1/120. Then a break occurs and the 
curve rises again. Special measurement in the 
transition region showed that the break is genuine. 
By using blue light instead of white, it ws also 
shown that the second branch is not due to cone 
vision coming into play but, like the first, to rod 
vision, for the relative position of the two branches 
is unaffected by the change of spectral composition 
of the light. 
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At higher intensities a similar recruiting must 
occur among the smaller functional units. Thus, as 
intensity increases from the absolute threshold to an 
intensity about 10° times higher, there is first a 
recruitment of large retinal units, very sensitive in 
terms of retinal illumination, but forming a very 
coarse mosaic givirg only rudimentary form vision. 
Then this mosaic is progressively superseded by finer 
mosaics made up of smaller functional units, the 
absolute threshold of the various units being reached 
successively as the retinal illumination increases. At 
a certain level, cones may co-operate with rods in 
retinal units, particularly in the parafovea™. In the 
fovea, according to Polyak!*, cones are similarly 
arranged in units of different sizes, the ultimate units 
consisting of single cones. 

The curve of Fig. 1 shows only the two main 
branches corresponding to rod and cone vision. 
Inside each branch, there is no break such as has 
been observed in the above experiments when 
fixation was used. This is most probably due to the 
fact that the retinal region changed progressively, 
the subject using the best part of his retina at each 
intensity. 


Conclusion 


Thus the absolute threshold of the smallest and 
least sensitive light detectors of the retina, namely 
the single-cone units, is probably reached only at 
intensities 10° or 10° times the absolute threshold for 
large fields—at somewhat lower intensities they 
generally absorb no light at all. It is in the range 
below this intensity-level that the major variation 
in such visual functions as acuity and intensity 
discrimination takes place. At any level within this 
range, the retinal units giving the best acuity 
performance must work in an all-or-none fashion, 
and the progressive recruitment of units explains 
the increase of acuity with intensity. It will 
be noted that, under such threshold conditions, 
nervous interaction between units (leading, for 
example, to phenomena of contrast) can play but 
little part. 

The present theory takes up theories and sugges- 
tions from Hecht?***, von Buddenbrock*! and 
Lythgoe**. We are indebted to many friends and 
colleagues for discussions and wish to thank parti- 
cularly Dr. W. S. Stiles and Dr. W. A. H. Rushton. 
We are also grateful to Prof. A. V. Hill for his 
encouragement and unfailing help over many years, 
to Sir Frederic Bartlett, in whose laboratory 
experiments leading to the present theory were 
initiated, to Sir Henry Dale, Sir Eric Rideal, Sir 
Charles Lovatt Evans and Prof. E. W. H. Cruick- 
shank, in whose laboratories they were continued, 
and to the Medical Research Council for its support 
of our investigations. 

Note added in proof. Messrs. J. M. Otero and 
L. Plaza (Optica Acta, p. 8, May 1951) write: ‘In 
night vision, receptors (rods) are gathered into 
functional units which increase as the field brightness 
diminished as far as a limit value reached at the 
threshold. . . . The size of these functional groups 
controls the visual acuity for every luminous level”. 
This seems to be the same as one of the basic ideas 
of our paper. Otero and Plaza give no further details, 
except on a form of astigmatism which they found 
and which they ascribe to irregularities in the shape 
of the rod units. Effects of the latter kind, as well 
as the probahle overlapping of functional units, will 
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have to be taken into consideration in a complete 
theory of acuity. 
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SEPARATE NUCLEAR AND 
CYTOPLASMIC ACTIONS OF 
DRUGS* 


By Pror. J. F. DANIELLI 
Department of Zoology, King’s College, London, W.C.2 


NTIL quite recently pharmacology, with one 
exception, has proceeded without consideration 
of the separate actions of drugs upon the nucleus and 
cytoplasm of a cell. The exception is in the field of 
mitotic poisons, and even here we cannot yet decide 
whether the direct action of a mitotic drug is upon 
the nucleus or the cytoplasm. In a recent lecture, 
Mazia' remarked, ‘‘If the nucleus is a decisive organ 
of the cell, and yet physiological research has success- 
fully ignored it, we can conclude either that physio- 
logy has been extremely lucky or obtuse . . . or that 
the nucleus in fact participates in physiological pro- 
cesses in a dimension which has been systematically 
neglected”. Both respect for physiologists and an 
examination of experimental data lend strong sup- 
port to the second of Mazia’s alternatives. But in 
elucidating the actions of drugs on the nucleus and 
on the cytoplasm, caution obliges us to suspend 
judgment upon the degree to which the nucleus is a 
decisive organ of cells under conditions of interest to 
pharmacologists. 
Two obvious methods of obtaining evidence of the 
function of the nucleus are (a) to remove the nuclei 


* Based on a public lecture given in the Department of Pharmaco- 
logy, University College, London, on February 29. 
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from cells, and (6) to damage nuclei, and then study 
the subsequent behaviour of the cells. 

By enucleation of cells' it has been shown that the 
following phenomena will continue for hours, and 
sometimes for days, after enucleation of a ce!l: 
beating of cilia and flagella ; pseudopod f ‘mation ; 
bio-electric potentials ; conduction of nerve impulse 
and associated recovery processes; myoneme con- 
traction ; tropistic responses; response to touch ; 
capacity of egg cells to be fertilized ; food capture ; 
digestion of glycogen, fat and nucleic acid; con- 
tractile vacuole action; maintenance of selective 
permeability ; mating reactions of protozoa ; respira- 
tion; synthesis of phosphate esters and proteins’; 
division of asters; cell division; the ability to 
exercise a morphogenetic effect; photosynthesis ; 
plastid formation; cell extension; protoplasmic 
streaming. This formidable list shows that most of 
the ‘daily life’ activities of a cell can be carried on to 
a considerable degree without the immediate par- 
ticipation of the nucleus. But the ability to carry out 
these tasks is often reduced by enucleation, and may 
be lost after a few hours or days. In almost all cases 
enucleation results in cell death after a maximum of 
fifteen days: the mammalian red blood cells are 
exceptional in having a physiologically normal life of 
a hundred days or more after the loss of the nucleus, 

Cells in which the nucleus has been irreversibly 
damaged by X-rays, ultra-violet irradiation or a 
nitrogen mustard show less abnormality than 
enucleated cells; for example, growth and division 
may occur normally, and life may be extended to 
forty days or more. 

In general, failure due to enucleation first becomes 
evident in the more complex activities of cells. For 
example, differentiation is almost completely pre- 
vented ; enucleated cells do not have the ability to 
organize themselves into a tissue; cell division is 
irregular ; and the patterns of pseudopod formation 
and the degree of apparently purposive behaviour of 
amcebe are affected within 5-10 min. by enucleation. 
It might be tempting to suppose that the changes in 
these complex activities are caused by the lack of 
the specific nuclear genes. This, however, can readily 
be shown to be untrue by studying the effect of 
transplantation of nucler between amcebe of different 
species?. 

When an enucleated amceba is renucleated with a 
nucleus of the same species, it recovers completely in 
a few minutes and will usually go on to divide and 
form a mass culture. When the renucleation is with 
a nucleus of another species, recovery is just as 
successful and may be followed by a few divisions, 
but in most cases after a few divisions death occurs’. 
However, during the period of recovery, the behaviour 
of the ameeba is characteristic of the cytoplasm, and 
not of the nucleus. Thus while the nucleus is con- 
tributing one or more factors essential for short-term 
behaviour, these are not species-specific. On the 
other hand, the nucleus also contributes factors 
essential for long-term behaviour, and these are 
species-specific. 

A third set of data which are of interest are the 
delays which occur between the application of a drug 
and the emergence of its action. These delays may 


vary between the widest limits. For example, the 
delay in action of acetylcholine at a neuromuscular 
junction may be measured in terms of milliseconds, 
of lewisite in causing vesication in minutes, and of 
mustard gas in causing vesication in hours. Agranulo- 
cytosis caused by sulphonamides may appear after 4 
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delay measurable in weeks; & tumour caused by 
benzpyrene after months or years ; mutations caused 
by mustard gas only after one or more generations. 
Can all the instances of long delays be attributed to 
actions upon nuclei? ‘To answer this question we 
must consider the factors involved in cellular 
inheritance’. The factors to be considered are 
chromosome genes, controlling characters which obey 
the Mendelian laws ; plasmagenes, that is, genes not 
attached to chromosomes and so not obeying the 
Mendelian laws; and various intracellular parasites 
and symbionts of exogenous origin, including viruses 
which, in borderline cases, are in behaviour indis- 
tinguishable from plasmagenes. While it is widely 
recognized that mutations or deletions of chromosome 
genes may not be detectable until one or more 
generations later, it is not so generally realized that 
similar delays may occur when plasmagene changes 
are involved**, This is, however, the case, and con- 
sequently, while the existence of a prolonged delay 
before the action of a drug becomes apparent is @ 
very good indication that its action is upon the 
factors involved in cellular inheritance, such delays 
do not permit a distinction to be made between 
nuclear and cytoplasmic action. 

A fourth set of data to be examined are the degrees 
of reversibility of reactions to drugs. Many drugs 
which act as prosthetic groups, coenzymes or inhib- 
itors, etc., of enzymes have a readily reversible action, 
if used in sub-lethal doses. But other drugs may have 
both reversible and irreversible actions in sub-lethal 
doses. Thus the oestrogens have a number of readily 
reversible physiological actions upon mammals, but 
can also act as morphogenetic evocators and as 
carcinogens, in which instances the action is irre- 
versible’. Genes also have two, apparently different, 
types of function. The first is to exercise a control 
upon one or more cellular functions ; the second is 
to reproduce itself. Can these two types of function, 
in some cases, be those affected respectively by the 
reversible and irreversible actions of a drug? At 
present we have so little information about the 
actual mode of action of genes that only theoretical 
possibilities can be considered. The most important 
point in this connexion is that reproduction of a gene 
must be a phenomenon of a remarkably high degree 
of specificity. Consequently, a gene is unlikely to be 
able to reproduce while it is combined with a drug. 
It is thus theoretically possible that, if a gene is 
combined with a certain drug (or hormone) for only 
part of the time, the action of the drug will be 
reversible, whereas if the combination persists for 
a longer time, the gene will not reproduce, except 
perhaps in a modified form. In the former case we 
are dealing with a reversible physiglogical effect, and 
in the latter case with a gene mutation or deletion. 
In the field of morphogenesis the two phenomena are 
covered by Weiss’s use of the terms ‘modulation’ and 
‘differentiation’®. 

But if we consider the possibility that drugs act 
upon cells in a manner parallel to that by which 
exogenous substrates induce the formation of adaptive 
enzymes, we encounter a fresh and almost totally 
different explanation of varying degrees of revers- 
ibility. In the absence of its substrate the amount of 
an enzyme to be found in a cell may be negligible ; 
yet after introduction of the substrate the enzyme 
may be formed in high concentration. In a similar 
manner, the introduction of a drug may induce 
the adaptive formation of a new protein, or enzyme. 
Formation of the new protein may be readily re- 





NATURE 


1043 


versed on withdrawing the drug. In such cases 
the phenomenon would be classed as a reversible 
physiological action, or modulation. But there are 
experimental data which lead us to the belief that in 
some cases, if once formed, a new protein may be 
able to reproduce itself, in which case the action may 
be reversed with difficulty. There is an interesting 
parallel to this in the phenomena of antigen formation 
by paramecia, studied by Sonneborn and his col- 
leagues. In a given strain, a group of antigens may 
be present as alternatives. Any one antigen if present 
excludes formation of others of the same group. The 
formation of such an antigen cannot readily be 
prevented by chemical or physical action. But treat- 
ment with the appropriate antibody will result in the 
replacement of the antigen by another member of 
the same group. We must thus admit that, although 
the majority of responses of type similar to the 
formation of adaptive enzymes may be readily 
reversible, others may be reversible with difficulty, 
or not at all. 

Thus two different. modes of approach permit 
possible explanations of both reversible and irrevers- 
ible actions of drugs. In both modes the explanations 
of reversible and irreversible actions involve the 
intervention of genes, and so involve time-lags. Now 
consider briefly some cases of irreversible drug action 
of particulai interest. 

1. Mutations of chromosome genes produced by drug 
action. These were first demonstrated by Auerbach 
and Robson’, and by Hadorn*. Some of the most 
potent substances, such as mustard gas, are lipoid- 
soluble and rather inert, but slowly give rise to highly 
reactive and violent reagents, such as carbonium 
ions. The effectiveness of these substances depends 
upon their lipoid-solubility, which permits ready 
penetration ; upon their inertness, which prevents 
them from reacting exclusively with the peripheral 
cytoplasm, and upon the eventual formation of a 
vigorous reactant. But many other effective mutagens, 
although having the first two properties, do not 
appear to have any exceptional capacity for giving 
rise to violent reagents. The number of such com- 
pounds known is increasing so rapidly that we must 
consider the possibility that the majority of chemical 
substances. in appropriate circumstances, are muta- 
genic. This in turn leads us to a new possible 
explanation of mutations in Nature. Hitherto 
radiations have been thought of as the most probable 
sources of mutations in Nature. Living cells have a 
very large number of enzymes, which if applied in 
sequence are capable of producing a very great 
variety of substances. Normally, by a process of 
organization not yet understood, the sequences which 
are permissible are limited to a relatively small 
number, so that a relatively small number of sub- 
stances are produced in comparatively large amounts, 
and the majority of possible products are pro- 
duced in apparently negligible traces. But these traces 
may still suffice for the production of mutations. 

2. Elimination of kappa from Paramecium. Sonne- 
born has shown that the plasmagene-like agent kappa, 
which infects some paramecia, may be eliminated by 
the action of drugs. Normally kappa is formed in 
the cells at a rate which keeps pace with cellular 
reproduction. The action of the drugs appears to be 
to impede the rate of formation of kappa relative to 
cellular reproduction, so that eventually kappa-free 
cells are produced. Streptomycin has a similar action 
in eliminating chloroplasts from plant cells. In both 
cases a decrease in the rate of formation of a cyto- 
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plasmic factor results in its ultimate elimination, 
which in turn causes an irreversible change in 
physiological behaviour. 

3. Carcinogenesis by butter yellow in rats. Liver 
tumours may be produced in rats in a few months 
by administration of butter yellow. If a large part 
of the liver of an animal is removed, the remainder 
grows by mitosis, etc., to about the size of the original 
liver. This sequence of hepatectomy and regeneration 
accelerates tumour production in animals treated 
with butter yellow. The mechanisms involved are 
unknown. It seems possible that plasmagene 
mutations are involved, and that hepatectomy, by 
raising the relative rate of cellular reproduction, 
decreases the times required for expression of the 
mutations. This presents some affinities to the 
elimination of kappa and chloroplasts. 

4. Carcinogenesis by benzpyrene. Berenblum® has 
shown that croton oil has a remarkable effect in 
accelerating the appearance of skin tumours resulting 
from benzpyrene. If benzpyrene only is applied to 
the skin, tumours appear after many months. If 
croton oil is applied before the benzpyrene, appear- 
ance of tumours is not accelerated. But if croton oil 
is applied any time after the benzpyrene application, 
tumours appear about six weeks after the croton oil 
application. The type of explanation which could be 
involved here is that the system involves a chromo- 
some gene producing a plasmagene necessary for 
normal epithelium. Deletion of the chromosome 
gene by benzpyrene need produce no marked effect 
so long as plasmagene reproduction continues. But 
if the plasmagene also is eliminated (for example, 
by croton oil), then an abnormality will appear quickly. 
Application of the reagents in the reverse order will 
not have the same effect, since if the plasmagene is 
first eliminated by croton oil it can be restored by 
the uninfluenced chromosome gene. 

5. Development of resistance. by trypanosomes to 
arsenoxides. Trypanosomes may become resistant to 
one arsenoxide and not to another. The common 
explanation of this is that the trypanosomes become 
impermeable to the type of arsenoxide concerned. 
But one can readily calculate that, if the trypano- 
some cell membrane is like that of other cells, the 
arsenoxides used in therapy will all penetrate rather 
rapidly. Consequently the explanation based on 
changes of permeability implies that the resistant 
strains have membranes different from those of any 
other known cell and, worse than that, that for every 
type of arsenoxide resistance there is a new type of 
membrane which is not only unlike that of any known 
cell but also unlike that of any other resistant 
strain. A much more probable explanation is that 
resistance is based on the development of secretory 
units which can pump out some types of arsenoxide 
and not others. Such units, by analogy with Lwoff’s’® 
work on kinetosomes, may be regarded as plasma- 
genes, perhaps controlled by chromosome genes, but 
self-reproducing when present, in @ manner not 
dissimilar to surface antigens of paramecia. 

However, although the various sets of data men- 
tioned are very stimulating, when they are considered 
critically only the techniques of sexual crossing and 
nuclear transfer appear at present to give thoroughly 
satisfying results. The new technique of nuclear 


transfer has at present had only a very limited 
application, but has already yielded valuable results. 
M. J. Ord has shown that one of the nitrogen 
mustards, when used in concentrations sufficient to 
cause cell death, is not highly selective for either 
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nucleus or cytoplasm but attacks both independently. 

If a nucleus is sufficiently damaged by the nitrogen 

mustard to die, the nucleus cannot be saved by trans- 

fer to untreated cytoplasm; nor can the cytoplasin 

be saved by transferring to it an untreated nucleus. 

The nuclear damage appears to be of two types, 

one involving death in @ few days, the other after 

many days of normal behaviour. On the other hand, 

in collaboration with Lamaton and Harriss of the 

Royal Cancer Hospital, it has been shown that X-rays 

are highly selective for the nucleus ; this result con- 

firms calculations based on purely physical studies. 

We must anticipate a wealth of new information 

from the continued application of this technique. 
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CENTENARY OF THE 
PATENT OFFICE 
By Sin JOHN BLAKE 


Comptroller-General 


rT HE ‘Great Seal Patent Office’, formed at the 
end of 1852 as the single office for granting 
letters patent for new inventions, was the origin of 
the present Patent Office in London. It is true that 
letters patent for inventions had been granted in 
Great Britain for a long time previously. In fact, in 
the Patent Rolls of Henry VI for the year 1449, we 
find a grant to John Utynam for a process for making 
stained glass windows. The process was intended for 
the windows of Eton College; but it is doubtful 
whether it was so used. Grants of patents for 
inventions, at first rare, later became frequent, but 
the tendency was to grant monopolies even in cases 
where no new industry or invention had been created. 
This abuse was checked by the Statute of Monopolies 
of 1623, which limited valid grants to new inventions. 
It is also true that a Patent Office had existed off 
Chancery Lane near the site of the present Office for 
a long period before 1852. The Office is referred to 
more than once in Pepys’s ‘“‘Diary”’: for example, 
under March 12, 1669, we find, ‘‘And so away to the 
Patent Office in Chancery Lane... and to the 
Crowne Office where we met with several good things 
that I most wanted and did take short notes of the 
dockets, and so back to the Patent Office and did the 
like there, and by candle-light ended’’. That Office 
was, however, concerned with only a small part of 
the procedure for the issue of letters patent of al! 
kinds, a few for inventions but many for other 
purposes. It had no special connexion with the 
modern, Office. Pepys describes elsewhere how he 
was “forced to run all up and down Chancery Lane” 
before receiving his letters patent of appointment as 
Clerk of the Acts of the Navy Office. 
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Before 1852, the unhappy inventor had to visit 
many different offices, some of them more than once 
and paying fees all the time, a cumbrous system 
satirized by Charles Dickens in his ‘‘Poor Man’s Tale 
of a Patent’’. The passage of the Patent Law Amend- 
ment Act in 1852 ended this s° stem after twenty 
years of agitation by inventors, scientists, engineers, 
industrialists and others. The reform was facilitated 
by the special legislation passed to enable inventors 
to exhibit their inventions at the Great Exhibition 
of 1851 without invalidating patents which might 
afterwards be granted to them. 

The Act of 1852 placed the grant of patents in the 
hands of commissioners, consisting of the Lord 
Chancellor, the Master of the Rolls and the Law 
Officers of the Crown, and they set up the Office on 
its present site at 25 Southampton Buildings, off 
Chancery Lane. The Law Officers continued to hear 
cases where oppositions were lodged to the grant of 
patents and to report to the Lord Chancellor upon 
the advisability of granting patents ; but the general 
control of the Office was in the hands of the Master 
of the Rolls. The commissioners were given power 
to print specifications, indexes and other publications, 
to present copies of these to public institutions and 
to set up a Register of Patents. The law relating to 
patents remained much the same ; but the procedure 
for granting them was simplified and improved. 
Among the notable changes introduced was the 
obligation to file with the application a provisional 
or complete specification describing the invention. 
The provisional specification had to describe only the 
nature of the invention and was the direct outcome 
of the practice set up for the Great Exhibition. The 
complete specification had to describe ‘‘particularly”’ 
and ‘‘ascertain the nature of the invention and the 
manner in which the same is to be performed’’, and 
was the outcome of a practice which had started 
early in the eighteenth century requiring such a 
description to be filed within six months after a 
patent was granted as a condition of the validity of 
the patent. Theo names and purposes of these speci- 
fications have continued until the present day. The 
use of provisional specifications is now @ valuable 
and special characteristic of many of the patent 
systems of the British Commonwealth. 

One of the first tasks of the new Patent Office was 
to make information about patents available to 
the public. The specifications had formerly been 
enrolled in one or other of three offices, and although 
they could be inspected, many could only be found 
with considerable difficulty, if at all. Now these were 
printed and published with the utmost speed and 
distributed widely to public libraries and institutions. 
All the cld patents prior to 1852, some thirteen 
thousand in number, were so printed. Classified lists 
of patents were prepared and a beginning was made 
with the preparation of a detailed scientific classi- 
fication of the subject-matters contained in patents. 
Volumes of classified abridgments of patented 
inventions soon followed, and a library and a museum 
were established. The museum was soon transferred 
to South Kensington, but the library has developed 
into the fine scientific and technical reference library 
which is now open all day at the Patent Office for 
use by the public as well as by the staff of the Office. 

The difficulty experienced by the commissioners in 
giving much time and attention to the affairs of the 
Patent Office led in 1883 to the setting up of a more 
business-like organization under the control of the 
Board of Trade. A comptroller-general was appointed 
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and was given responsibility for trade marks and 
registered designs as well as for patents. It was much 
iater that he took over responsibility for literary and 
artistic copyright ; but here we are dealing only with 
his functions in connexion with patents. He was 
given judicial powers to decide oppositions to grants 
and applications for revocation of patents and other 
issues, the Law Officers retaining a connexion with 
the Office as advisers to the comptroller on legal 
matters and as the tribunal to hear appeals from his 
decisions. 

Under the new organization, the initial fees for 
taking out patents were greatly reduced, with the 
result that the number of patents granted annually, 
which had risen from about 500 to about 2,000 on 
the passage of the 1852 Act and to about 4,000 by 
1883, increased quickly in the next few years to as 
many as 10,000. In spite of the reduction in fees, 
more work was done in granting each patent. The 
examination of the specifications by a scientific staff 
was commenced, to ensure that the descriptions were 
clear and adequate and that only one invention was 
included in one specification. The staff gave much 
attention to schemes for classifying and indexing 
inventions, but no search was as yet made to determine 
the novelty of the inventions for which patents were 
granted. ‘The view was expressed that the Office 
need not exercise paternal care for the inventor by 
making his search for him, but should give him every 
facility for making the search himself. The system 
allowed the inventor to get a patent relatively easily 
but led to the grant of many worthless patents, or 
patents with vague claims, which were a trap for the 
inventor and a nuisance to the public. 

A basic change in the work of the Office was made 
in 1905. From then on, although the Office con- 
tinued to help the inventor to help himself, it also 
undertock to make the search for the novelty of 
inventions the subject of applications for patents. 
The search was at first confined to British patent 
specifications and has been gradually extended to 
cover other publications, but the work of the Office 
in this and other respects has been gravely hampered 
by the two World Wars. During the Second, the 
Office was severely damaged by enemy bombs, and it 
was only due to the devotion of the staff that essential 
records were preserved and the building saved from 
complete destruction. 

In recent years, the judicial duties of the comp- 
troller have been extended and appeals from his 
decision have been heard by one of the judges of the 
High Court instead of by the Law Officers. The most 
recent steps in the process of enlarging his duties to 
protect the public and reduce the number of invalid 
patents granted were taken so recently as 1949, 
following a departmental committee of inquiry under 
the chairmanship of Sir Kenneth Swan. Patents 
for inventions which, as claimed, are lacking in 
novelty are now refused and notice is given to the 
public of all overlapping grants. In addition, the 
subject-matter or merits of an invention may now be 
considered during opposition proceedings, and the 
patent refused if the invention is clearly obvious to 
those skilled in the art. 

The Office now has power to deal with most issues 
in connexion with the grant, amendment and 
revocation of patents and with other matters, such as 
compulsory licensing when a patented invention is 
not being worked to the fullest practicable -extent, 
and disputes between employers and their employees 
about ownership of inventions. Although these are 
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unusual duties for Civil servants, the topics involved 
are frequently highly technical and have been found 
to be such as can be handled reasonably and econ- 
omically in the Patent Office. 

The immediate problems for the Office are to dispose 
of the arrears of work resulting from the Second 
World War and its aftermath, and to make more 
effective the search for novelty over as wide a field 
as possible. At the moment, the Office is in serious 
need of scientific and engineering graduates to deal 
with the technical side of its work. Most scientists 
naturally look to research for their careers, but the 
application of research is also of vital importance ; 
and in that connexion, the Office offers useful and 
interesting work for university graduates with the 
appropriate training and aptitude. 


OBITUARIES 
Prof. E. G. Conklin 


By the death of Edward Grant Conklin we have 
lost the last representative of the great American 
school of classical experimental embryology which 
dominated this science in the period from 1900 until 
the rise of the Spemann school in the 1920’s. Conklin 
retired in 1933 from the professorship of zoology at 
Princeton, which he had held for twenty-five years ; 
but the fact that he had become emeritus was very 
far from bringing the fruitful period of his life to an 
end. 

Conklin’s main scientific work is enshrined in a 
series of large and fundamental papers dealing with 
three groups: Ascidians, Amphioxus and Molluscs 
(Crepidula). His work on the molluse Crepidula 
began in 1890 but was not published until 1897. It 
was immediately recognized as a classical study on 
cell lineage. Other contemporaries of Conklin had, 
however, studied molluscan eggs, and his main fame 
rests on his description and experimental investi- 
gations on Ascidians, particularly Styela and Amphi- 
oxus. His careful descriptions of the cleavage and later 
development in these two groups is the foundation 
on which not only his own but also a very large 
quantity of later work by others has been based ; 
but it was his experimental work which placed him 
in the front rank. In the early 1900’s he found in 
Ascidians evidence, the clarity of which has not been 
surpassed to this day, for the existence of several 
different kinds of cytoplasm within the newly fertilized 
egg. Further, he demonstrated by experiment that the 
‘ooplasms’, as they are now called, exert a determining 
influence over the course of the later development, 
so that any region composed of a particular ooplasm 
will always develop into the corresponding organ or 
tissue. He spoke of the special types of cytoplasm 
as ‘organ-forming substances’, and although our out- 
look on them has somewhat changed in the past forty 
years, the facts he produced have stood the test of 
time, and they, together with his discussion of them, 
remain as one of the three main bases of the existing 
theories of experimental embryology. 

Although he published more than two hundred 
scientific papers, it would give the wrong impression 
to speak of Conklin as a prolific writer ; his work is 
outstanding for that quality of clarity and precision 
which comes only through the long processes of 
checking and counter-checking the observations and 
maturing the thought. In spite of the time he devoted 
to this, he played a very full part in the general 
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scientific life of his time, acting for long periods as 
editor or co-editor of the Journal of Morphology, tho 
Journal of Experimental Zoology, the Biological 
Bulletin and Genetics. 

Conklin’s interests were not confined to tho 
narrowly professional aspects of zoology. By birt) 
the son of a country doctor in the Middle West, he 
originally intended to enter the Methodist ministry, 
and spent his undergraduate years at the Ohio 
Wesleyan University, graduating both in science, in 
1885, and in arts in the following year. Even after he 
took the decision to devote his main energies to 
science, he never relinquished a profound interest in 
wider matters of philosophy and of man’s spiritual 
life. During the course of his long life he published 
several books on such subjects, of which the best 
known are “The Direction of Human Evolution” 
(1921) and “Man, Real and Ideal: Observations and 
Reflections on Man’s Nature, Development and 
Destiny” (1943). He thus earned the distinction of 
becoming the president both of the American Philo- 
sophical Society and the American Academy of Arts 
and Sciences, as well as of several purely scientific 
organizations such as the American Association for 
the Advancement of Science, the American. Society 
of Zoologists and the American Society of Naturalists. 

C. H. WappINGToNn 
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Prof. J. G. Lawn 


JAMES GUNSON Lawn, whose eminence as a mining 
engineer had received world-wide recognition, died 
at Eshowe, Natal, on October 21 in his eighty-fourth 
year. Of Cornish descent and the son of a mining 
engineer, he was born at Dalton-in-Furness on 
January 4, 1868. 

Before entering the Royal School of Mines in 1888 
he had already acquired practical experience in the 
hematite mines in Cumberland, and this experience 
enabled him to smooth some of the difficulties of his 
fellow-students, by whom he was remembered for the 
readiness with which, as a somewhat senior student, 
he was always ready to help them. 

On completing the course in 1891 and with the 
award of the Murchison Prize and the De la Beche 
Medal, Lawn returned to Cumberland as chief sur- 
veyor to the Barrow Hematite Steel Co. and as a 
lecturer in mining for the Cumberland County Council. 
During 1893-96 he was back at the Royal School of 
Mines as the instructor in mine surveying and 
assistant to Sir Clement Le Foster. Then began his 
first association with mining education and practice 
in South Africa. When the first South African School 
of Mines was set up at Kimberley in 1896 Lawn became 
its first principal and, in the years that followed, the 
organization of that School owed much to his energy 
and foresight. During 1903-6 his long association 
with the Johannesburg Consolidated Investment Co. 
as a consulting engineer began, although there were 
interludes between 1907 and 1910 when he became, 
in succession, head of the Camborne School of Mines 
(Cornwall) and the first principal and professor of 
mining, at Johannesburg, of the South African School 
of Mines and Technology, to which the Kimberley 
School had now been transferred. 

Thus, both in the last decade of the nineteenth 
century and in the first of this century, Lawn’s 
activities had been divided between mining education 
and the gold mining industry. It was to the latter, 
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however, that the greater part of his life was to be 
devoted. For the next forty years—1910-50—(except 
for a period during the First World War, when he 





occupied posts with the Explosives Department of 


the Ministry of Munitions, finally as controller of that 
Department) his professional work was entirely linked 
with the manifold activities of the Johannesburg 
Consolidated Investment Co., first as consulting 
engineer, then as managing director in Johannesburg, 
and later as director and consulting engineer in 
England. 

Lawn possessed wide technical knowledge and 
experience and, above all, was one of the wisest of 
the long line of mining engineers whose reputations 
have been made on the goldfields of South Africa. 

During his long association with the Institution of 
Mining and Metallurgy, of which he was elected 
president for 1930-31, he took a very active part in 
discussions on technical and scientific matters. His 
comments were clear, concise and always constructive, 
even when critical. The award of the Institution’s 
Gold Medal in 1935 and his subsequent election as 
an honorary member were fitting tributes to his long 
and unremitting services to mining educetion and to 
the mining industry. 

In 1934 the University of the Witwatersrand con- 
ferred on him the honorary doctorate of science and 


Long Range Weapons Establishment, 
Dr. C. F. Bareford 


Dr. C. F. BAaREForD has been appointed to the 
post of chief superintendent of the Long Range 
Weapons Establishment, Australian Department of 
Supply, in succession to Mr. H. C. Pritchard, who 
returns to the United Kingdom next year. In his 
new office, Dr. Bareford will be responsible for the 
operation of both the base research and development 
establishment at Salisbury, and the ranges at 
Woomera, where trials are carried out for the Aus- 
tralian Government and also the Guided Weapons 
Directorate of the U.K. Ministry of Supply. 

Dr. Bareford is a graduate of the University of 
Sheffield, where he carried out research under Prof. 
S. R. Milner on the vacuum are and spark discharges. 
He gained some industrial experience with the Mazda 
Valve Organization during 1934-36, before joining 
the experimental staff of H.M. Signal School, Ports- 
mouth. He was one of the small band of early 
workers on naval radar. As early as 1937, together 
with the late Mr. E. M. Gollin, he built a 20-cm. radar 
equipment, and a little later the first experimental 
prototype of the 50-cm. gunnery radar. In 1940, 
when the need for radar navigational aids became 
more pressing, he transferred his attention to this 
field, and to the associated field of precision direction- 
finding equipment. An early form of pulsed navi- 
gational aid was conceived and developed by a team 
under his leadership in the New Cavendish Laboratory 
in Cambridge. Special direction-finding equipments 
using radiation from 100 Me./s. (33 em.) to 10,000 
Me./s. (3-3 mm.) were evolved by this team, and were 
used extensively in the months prior to the Normandy 
landings by the Allies in 1944. Dr. Bareford had, 
meanwhile, assumed the control of the Radio Recep- 
tion Division of the Admiralty Signal Establishment 
in Haslemere, and sponsored the development of the 
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in 1943 he was elected to the honorary fellowship of 
the Imperial College of Science and Technology, thus 
forging another link with the Royal School of Mines 
which he had entered as a student fifty-five years 
before. 

In later years Prof. Lawn had found an absorbing 
hobby in botanical pursuits. I well remember a 
chance meeting with Prof. Lawn in a hotel on the 
Great North Road, after returning from a successful 
plant-hunting expedition on the slopes of Ingle- 
borough ; he was most enthusiastic about some of 
his finds. His last letters from South Africa were 
also full of details regarding interesting plants he had 
recently discovered near his South African home 
J. A. 8S. Rrrson 


WE regret to announce the following deaths : 

Sir William Dampier, F.R.S., senior Fellow of 
Trinity College, Cambridge, on December 11, aged 
eighty-four. 

Dr. Sven Hedin, Hon. K.C.1I.E., known for his 
explorations of Central Asia, aged eighty-seven. 

Dr. C. H. Kellaway, F.R.S., director-in-chief of 
the Wellcome Research Institution, London, on 
December 13, aged sixty-three. 


NEWS and VIEWS 


communication receiver series which is now standard 
equipment in H.M. ships. In 1947 Dr. Bareford 
became head of the Mullard Research Laboratory. 
Under his leadership the staff of the laboratory has 
grown from less than twenty to more than a hundred 
scientists, in addition to the ancillary staff, and has 
completed many important projects in the broad 
field of electronic engineering. In particular, the 
15-MeV. linear electron accelerator and neutron 
spectrometer now in use at Harwell were built there. 
A radar system for the automatic exploration of the 
meteorological conditions in the upper atmosphere 
has been developed. The laboratory has also studied 
extensively cavitation phenomena, and developed 
instrumentation for various measurement problems 
and techniques for the mass production of precision 
components. 


Melchett Medal for 1953: Dr. H. Hartley, C.B.E. 


TuE Institute of Fuel has awarded the Melchett 
Medal for 1953 to Dr. Harold Hartley, in recognition 
of his high scientific attainments in the development 
of domestic heating appliances, coupled with the 
administrative skill with which he has guided a great 
industrial organization devoted to the practical 
efficient use of fuel. Dr. Hartley is chairman of 
Radiation, Ltd., manufacturers of heating and cooking 
appliances for domestic, commercial and industrial 
purposes. A native of the Isle of Man, he was 
educated there, at the Manchester Grammar School 
and at the University of Manchester, graduating in 
chemistry in 1907. He was then elected to a Gartside 
scholarship of industry and commerce, and, after a 
year spent in the School of Economics at Manchester, 
he visited Norway and Canada to study the production 
of power for electrochemical industries. Returning 
to England, he worked for three years as a Gas 
Research Fellow at the University of Leeds under the 
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late Prof. W. A. Bone. In 1912 Dr. Hartley was 
appointed chief chemist to the Richmonds Gas Stove 
and Meter Co., where he built up a technical and 
research section and continued the work on the 
measurement of the radiant efficiency of gas fires 
which had been started at Leeds in 1908. In 1919 
he was appointed head of the research department of 
Radiation, Ltd., on the formation of that company. 
At the new central research laboratories in Grosvenor 
Place, London, he directed many important investiga- 
tions into the design of gas-fired appliances, including 
those culminating in the production of the Bennett/ 
Hartley integrating radiometer for determining the 
radiant efficiency of domestic heating appliances. He 
was awarded the C.B.E. in 1952. 


Official Seed Testing Station for England and Wales 


Mr. P. S. WELLINGTON has been appointed chief 
officer of the Official Seed Testing Station for England 
and Wales in succession to Mr. C. C. Brett, who 
retired in April. Born in 1919, Mr. Wellington 
entered the Imperial College of Science and Tech- 
nology, Londor, in 1937. During 1939-46 he served 
in the Air Branch of the Royal Navy and was awarded 
the D.S.C. On returning to the University of London 
after the War, he obtained a first-class honours 
degree in botany. He was appointed to the Official 


Seed Testing Station as senior assistant to the chief 


officer in 1947, and has been investigating the 
premature sprouting in the grain of wheat. The 
Official Seed Testing Station is administered, on 
behalf of the Ministry of Agriculture and Fisheries, 
by the National Institute of Agricultural Botany, 
Cambridge. 


The Imperial Institute 


In the House of Lords on December 9, Viscount 
Falmouth, directing attention to the report of the 
Tweedsmuir Committee on the Imperial Institute, 
asked whether the Government would consider the 
transfer of the Institute to a more suitable place and 
thus free the present site for expansion of the Imperial 
College of Science and Technology in order to provide 
additional facilities for the higher training of scientists 
and engineers. Viscount Falmouth was specially 
concerned with the expansion of the Imperial College ; 
but, while there was general agreement in the subse- 
quent debate as to the desirability of expanding the 
Imperial College, other speakers were not prepared to 
support its claims against the Imperial Institute, and 
Lord Hailey asked for a specific assurance from the 
Government that it did not contemplate the abandon- 
ment of the present Institute building in favour of the 
College. Earl De La Warr, replying for the Govern- 
ment, declined to make any definite statement 
regarding the Government’s future schemes for higher 
technological education or the Government’s views 
on the Tweedsmuir Report. A definite statement of 
the Government’s policy with regard to higher 
technological education, it was said, would be made 
early in the New Year. As regards the Imperial 
Institute, since the Institute is financed and sup- 
ported by forty-nine governments in all, transfer of 
the Institute to another site could only occur, if at all, 
after discussion with the Institute and all those 
Dominion and Colonial governments which are 
partners in its maintenance. He added that, as soon 
as it is possible to discuss definite proposals, the 
Government, which already controls so much of the 
land adjoining the College buildings at South Kensing- 
ton, will be concerned to assist the development of 
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the Imperial College in the best way that it can ; 
but he could not say in advance how far that ma, 
involve the Imperial Institute. 


Journal of the Royal Society of Arts: 1852-1952 


THE first issue of the Journal of the Royal Socie/ , 
of Arts was published on Friday, November 26, 185: 
and to mark this event the centenary number of th 
Journal (101, No. 4887; 1952) briefly records it 
history. The Royal Society of Arts is, of cours: 
nearly twice as old as its Journal, having been founde | 
in 1754, and its activities were at first chronicled 
various publications and in its annual Transaction .. 
Dr. James Booth, F.R.S., vicar of Wandsworth, whi 
was an ordinary member of the Society, first su 
gested the idea of a weekly journal in a letter address | 
to the Council of the Society in 1852. In this lett« 
he set out in considerable detail the scheme for a 
weekly newspaper, which should record all thc 
Society’s proceedings, serve as a medium between 
the Society and allied institutions and form a per- 
manent record of the progress of science, art anid 
industry. This project was taken up, and weekl) 
publication was continued until March 22, 1940, since 
when the Journal has appeared at fortnight! 
intervals, still published, as was the first issue, on u 
Friday. The circulation almost automatically follows 
the membership of the Society : in 1853 it was 2,250, 
and this more or less consistently increased unti! 
1873, when it was 4,350; during 1873-1932 it 
dropped to 3,000-3,500, but since then it has 
regularly increased to its present figure of about 
6.000 members. The chief aim of the Journal has 
remained constant—namely, the publication of the 
great mass of information contained in the autho: 
itative papers read to the Society and the often most 
interesting and sometimes entertaining discussions 
which they have provoked. There has been virtuall 
no limit to the range of subject-matter, provided onl) 
that there is, in each individual exposition, some 
germ of progress, some new line of approach that 
tends to the advancement of human welfare. To the 
published papers there have been added reports of 
the Society’s activities ; illustrations in the shape of 
photographs, drawings, maps and diagrams; book 
reviews ; obituaries ; miscellaneous notes of interest ; 
and announcements of meetings of other societies. 
For a centenarian, the Journal of the Royal Society of 
Arts is an active old gentleman; may the second 
hundred years of its existence be as flourishing as 
the first. 


University of Paris: Honorary Degrees 

At a Séance solennelle de Rentrée in the amphi- 
theatre of the Sorbonne held on November 29, and 
in the presence of the President of the French 
Republic and the Minister of National Education 
M. le Recteur Sarrailh conferred the degree of doctor 
honoris causa of the University of Paris on the 
following: Dr. O. da Fonseca, director of the 
Instituto Oswaldo Cruz of Rio de Janeiro; Prof. 
R. F. Loeb, professor of medicine in Columbia 
University ; Prof. M. Siegbahn, professor in the 
Royal Academy of Sciences of Sweden; Prof. H. 
Weyl, honorary professor in the Institute for 
Advanced Study in Princeton ; Sir Rudolph Peters, 
professor of biochemistry in the University of 
Oxford ; and Prof. A. I. Virtanen, professor of bio- 
chemistry in the Valio Institute of Helsinki. Similar 
degrees were also conferred upon four other persons 
distinguished in law and letters. 
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Agricultural Education 

THE Minister of Agriculture and Fisheries, after 
consultation with the Minister of Education, has set 
up a ‘working party’ with the following terms of 
reference: ‘Io review the relations between the 
agricultural education service of Local Authorities 
and the National Agricultural Advisory Service, and 
to make proposals for their more effective co- 
operation ; to examine the need for an inspectorate 
f agricultural education ; and to consider the future 
f the Joint Advisory Committee on Agricultural 
iducation’’. 

The membership of the ‘working party’ is as follows: 
Lord Carrington, Joint Parliamentary Secretary to the 
Ministry of Agriculture and Fisheries (Chairman) ; 
F. Bray, under-secretary in the Ministry of Education ; 
E. Shaw Browne, chairman of the Nottinghamshire 
\gricultural Executive Committee ; W. 8. Gibson, 
provincial director, National Agricultural Advisory 
Service; Dr. T. Loveday, chairman of the Joint 
\dvisory Committee on Agricultural Education ; 
J. H. Parker Oxspring, director of education, Stafford - 
shire; Prof. R. Alun Roberts, University College of 
North Wales, Bangor; F. Rollinson, recently of the 
National Union of Agricultural Workers ; Sir James 
Scott-Watson, chief scientific adviser to the Ministry 
of Agriculture and Fisheries; W. J. Simmons, 
farmer ; Sir Offley Wakeman, chairman of the Shrop- 
shire Education Committee ; C. H. M. Wilcox, under- 
secretary in the Ministry of Agriculture and Fisheries. 
All communications should be sent to Mr. H. F. 
Greenfield, at the Ministry of Agriculture and 
Fisheries, 1-4 Cambridge Terrace, Regent’s Park, 
London, N.W.1. 


Science in Communist States 


THE Society for Freedom in Science has recently 
published Occasional Pamphlet No. 13, under the 
title “‘Science in a Satellite State of the Soviet Union”’ 
(pp. 16; from the Department of Zoology, University 
Museum, Oxford; ls. 3d.), which is a summary, 
without comment, of speeches made at the ‘‘Ideo- 
logical Conference of University Scientific Workers’, 
held at Brno, Czechoslovakia, during February 27-— 
March 1, 1952, the material being taken from bulletins 
of the Czechoslovak News Agency. No more dignified 
way could have been adopted of correcting the 
impression sometimes held that in Communist States 
the man of science is free to pursue the search for 
truth wherever it may lead him. The speeches sum- 
marized in the pamphlet show clearly the domination 
and direction of scigsnce by political ideologies in such 
countries, how secondary can be the loyalty of the 
scientific worker to his own discipline, and the way 
his thinking is required to be subservient to the 
doctrines and needs of the State. 


Royal Society : Officers and Council 


THE following have been elected Officers and Council 
of the Royal Society for the ensuing year : President : 
Dr. E. D. Adrian; Treasurer and Vice-President : 
Sir Thomas Merton ; Secretaries and Vice-Presidents : 
Sir Edward Salisbury and Sir David Brunt ; Foreign 
Secretary : Sir Cyril Hinshelwood ; Other Members 
of Council: Prof. P. A. Buxton, Mr. H. Constant, 
Prof. P. I. Dee, Prof. E. C. Dodds, Prof. H. J. Emeléus, 
Sir Howard Florey (vice-president), Prof. D. R. 
Hartree, Prof. E. G. T. Liddell, Prof. E. J. Maskell, 
Prof. R. A. McCance, Prof. H. H. Plaskett, Prof. 
W. J. Pugh, Prof. Alexander Robertson, Dr. R. 
Stoneley, Prof. G. Temple, Prof. C. M. Yonge. 
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Announcements 

Pror. AntHUR HOLMES, regius professor of geology 
in the University of Edinburgh, has been elected a 
corresponding member of the Geological Society of 
Stockholm. 


Pror. R. J. W. LeEFEvr»E, professor of chemistry 
in the University of Sydney, has been awarded the 
H. G. Smith Memorial Medal by the Royal Australian 
Chemical Institute, in recognition of his contributions 
to physical organic chemistry over the past ten years. 


Dr. T. H. C. Tayitor has been appointed as from 
April 1953 to the recently created post of ceputy 
director, in the senior principal scientific officer grade 
of the Scientific Civil Service, at the Anti-Locust 
Research Centre, London. Dr. Taylor is at present 
assistant director of the Commonwealth Institute 
of Entomology, which he joined in 1944, after long 
and distinguished service in Fiji and Uganda, mainly 
connected with research on the ecological and 
biological control of insects. 


Mr. M. W. PERRIN, at present research adviser 
to Imperial Chemical Industries, Ltd., has been 
appointed chairman of the Wellcome Foundation, 
Ltd., in succession to Mr. H. E. Sier, who is retiring 
at the end of January. Before the Second Wor'd 
War Mr. Perrin was a member of the Research 
Department of the Alkali Division, and also of the 
Headquarters Research Department of Imperial 
Chemical Industries, Ltd. During the War he was 
assistant director of Tube Alloys (the war-time 
atomic energy organization), and from 1946 until 
1951 was deputy controller (technical policy) in 
the Division of Atomic Energy of the Ministry of 
Supply. 

In order to encourage the writing of papers at a 
standard suitable for assimilation by a non-specialist 


. reader having some general scientific knowledge, the 


publishers of the scientific journal Research are 
organizing an essay competition, with prizes of £100, 
£50 and possibly others as well, for which entries 
may be made by persons actively engaged on research 
work. Such essays should be about three thousand 
words in length and should deal with any recent 
scientific investigation (not necessarily the writer’s 
own work) and its potential application to industry. 
Entries, which will be judged by a committee to be 
appointed by the Scientific Advisory Board of 
Research, should reach the offices of Research, 4-6 
Bell Yard, London, W.C.2, on or before April 30, 
1953. 

Tue Institution of Naval Architects is offering 
during 1953 the following scholarships to British 
subjects (age limit shown in brackets), which, except 
where otherwise stated, must be applied for before 
May 30, 1953: Institution scholarship in naval 
architecture (23), for apprentices or pupils in the 
Royal dockyards or private shipyard (entries before 
January 15); Trewent scholarship in naval archi- 
tecture (20), for apprentices or pupils in private 
shipyards ; Denny scholarship in naval architecture 
and one in marine engineering (19), tenable for four 
years in the University of Glasgow, with apprentice- 
ship of five years; Parsons scholarship in marine 


‘engineering (21), for apprentices or pupils in marine 


engine works or the Royal dockyards. Further 
particulars can be obtained from the secretary of the 
Institution at 10 Upper Belgrave Street, London, 
S.W.1. 
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UNUSUAL FOODS FOR HUMAN CONSUMPTION 


T has been estimated by M. Sorre! that, of the two 

million known species of animals, only fifty have 
been domesticated and normally contribute to the 
food supplies ; and that, similarly, out of the quarter 
of a million known vegetable species, only about six 
hundred are cultivated by man. J. De Castro’, in 
discussing the figures, has contrasted the limited 
range of foods used by the inhabitants of Europe 
and North America with the vast number of native 
plants which contribute to the diet of primitive 
peoples. These observations received full support at 
a conference organized at Bedford College, London, 
on October 18 by the Nutrition Society when, under 
the general title of “Unusual Foods for Human 
Consumption’, a series of seven papers was pre- 
sented. Dr. R. B. Hawes acted as chairman of the 
symposium, which attracted some two hundred 
members and guests. 

During the morning session, consideration was 
given to three types of unusual foods: Dr. W. A. P. 
Black spoke on ‘Seaweeds and their Value in Food- 


stuffs’; Dr. J. Ramsbottom on ‘Mushrooms and 
Toadstools” ; and Dr. W. 8S. Bristowe on ‘Insects 
as Food’’. 


In the first paper, an account was given of the 
uses of seaweeds in different parts of the world, and 
it was evident that investigations carried out during 
the past decade, in Scotland and elsewhere, have 
made important contributions to our knowledge of 
the chemical composition of different species and 
have also provided valuable information regarding 
methods for the efficient harvesting and processing 
of marine vegetation. Dr. Black surveyed, among 
other matters, the production from seaweeds of 
substances of nutritive value which are now finding 
a place in food manufacture. 

The report on the edible fungi directed attention 
to their widespread use in many countries of conti- 
nental Europe where, in contrast to the position in 
the British Isles, the fungi are regarded not as 
relatively expensive luxuries but as important 
vegetables, eaten both in the fresh state and also, 
during the winter months, in preserved forms. 

Insects, etc., are not normally held in high esteem in 
Europe ; but it was clear from Dr. Bristowe’s review 
that, in Siam, Indo-China and in certain parts of 
India, spiders are regarded as normal items in the 
diet and that in many other countries insects of 
different types are used as minor foods. Dr. Bristowe 
gave an account of his personal experiences in Asia, 
where he was able to follow local dietary customs. 

The contrast between the European town-dweller 
and the inhabitants of other regions was frequently 
demonstrated in the afternoon sessions of the sym- 
posium, when reviews were given by Dr. H. M. 
Sinelair on “The Diet of Canadian Indians and 
Eskimos”; by Dr. G. H. Bourne on ‘‘The Food of 
Australian Aborigines” ; by Dr. F. Aylward on ““The 
Indigenous Foods of Mexico and Central America”’ ; 
and by Dr. B. M. Nicol on “Protein in the Diet of 
the Isoko Tribe of the Niger Delta”. 

These papers all revealed the ingenuity of man in 
making full use of the local plants and animals, and 
in becoming master of his environment. Certainly, 
of the Australian aborigine, it may be said that, in 
terms of food, nothing living is alien to him—the 
caterpillar and the moth, the frog and the kangaroo, 


are trapped by appropriate but effective methods ani| 
eaten with relish. Similarly the African tribe 
examined by Dr. Nicol was shown to be catholic in 
taste; snails, frogs and crocodiles, as well as a 
variety of plant foods, have their place in the diet. 
Dr. Nicol’s paper revealed the difficulty in making 
satisfactory dietary surveys in areas where the 
ordinary staple foods are supplemented, perhaps at 
irregular intervals, through hunting, shooting anc 
fishing. These occasional supplements make important 
contributions to the diet. 

A similar difficulty in making dietary surveys was 
experienced in Mexico and Central America where, 
as reported by Dr. Aylward, the inhabitants preserve 
dietary traditions that go back into prehistory. 
Examples were given of methods of food preparation 
which, although long in use, have only recently been 
shown to have a sound biochemical basis. Thus the 
Indian is able to use certain varieties of plants which 
are poisonous in a raw state, by methods which 
involve a preliminary grating followed by cooking, a 
technique which is now known to be effective in 
destroying toxic components such as the cyanophoric 
glycosides. Recent scientific investigations have also 
revealed the advantages of the traditional method 
of making the tortilla, the daily bread of the Indian ; 
the whole maize is treated with lime, and thus the 
mineral content of the final product is increased and 
the danger of widespread dietary calcium deficiencies 
diminished’. 

By comparison with the inhabitants of tropical 
and semi-tropical regions, the Eskimos live on a 
much more restricted diet, especially during the long 
Arctic winters. Dr. Sinclair showed how the Eskimos 
have successfully adapted themselves to an unfavour- 
able environment so as to obtain a diet normally 
adequate in calories and in both major and mino1 
nutrients. Contrary to reports from other northern 
areas, the groups examined did not eat excessive 
amounts of fat. 

The discussion of the papers ranged over many 
topics. Dr. H. E. Magee, for example, stressed the 
importance of quantitative considerations. A food 
constituent such as vitamin B, present in very small 
amounts in a staple food may be of great value 
because of the relatively large amounts of the staple 
eaten per day; on the other hand, @ minor or 
occasional food is of value when it contains a high 
proportion of one or more accessory factors. 

Mr. A. L. Bacharach, commenting on the Mexican 
tortilla, directed attention to the war-time contro- 
versies in Great Britain relating to the addition of 
calcium carbonate to National flour ; it would appear 
that we had belatedly followed the good example of 
the Indian. 

Other speakers, drawing on their experiences over- 
seas, gave further examples of unusual food habits, 
and the symposium as a whole reflected the newer 
‘global approach’ to nutrition; the fundamental 
biochemical investigations of the past half-century, 
carried out mainly in Europe and in North America, 
provide the basis for the approach to the nutrition 
problems on all continents, yet there is clearly much 
to be learnt from well-established food habits in 
Africa and elsewhere, in that primitive peoples in 
many areas have succeeded in reaching good dietary 
standards. 
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‘The papers given at the conference (which will be 
published in the Proceedings of the Society) may be 
regarded as a continuation of earlier symposia on 
Colonial problems‘ and on nutritional conditions in 
prisoner-of-war camps in Asia’. They should serve a 
useful purpose in providing information regarding the 
actual and potential food supplies of under-developed 
areas, and in this way should assist in furthering the 
work being carried out on these topics under the 
auspices of the Colonial Office and other national and 
international agencies. Francis AYLWARD 

i M., “Les Fondements de la Géographie Humaine’, 1 (Paris, 
1947). 

* De oll J., “Geography of Hunger’, 36 (London : 
lancz, 1952). 

Aylward, F., Nature, 168, 1100 (1951). 

‘Symposium, Proc. Nutrit. Soc., 5, i (1946). 
symposium, Proe. Nutrit. Soc., 5, 107 (1946). 


Victor Gol- 


APPLICATIONS OF 
COMMUNICATION THEORY 


Sip years ago, during September 26-29, #950, a 
symposium was held in London of a group of some 
hundred and twenty men of diverse scientific interests 

communication engineers, mathematicians, physi- 
cists, biologists, psychologists and others—all of 
whom were cencerned in one way or another with the 
concept of the communication of information (see 
Nature, 167, 20; 1950). The meeting was prompted 
by the recognition of the importance of recent 
developments in the theory of communication which 
revealed, and gave promise of clarifying, connexions 
between previously largely unrelated fields of research 
concerned with different aspects of the processes by 
which living organisms convey information. The 
purpose of the symposium was to afford the oppor- 
tunity’ for a discussion of the nature of this recent 
work and of its potentialities in various branches of 
science. 

It was decided that there should follow in due course 
a second symposium having the more limited objective 
of examining what of practical value had resulted 
from the application of this theoretical work to the 
problems of electrical communication, and this 
second meeting was held in London in the Lecture 
Theatre of the Institution of Electrical Engineers, 
during September 22-26. The participants on 
this occasion were mainly practising communica 
tion engineers, though other interests were well 
represented, and they were even more international 
than those who attended the earlier symposium. 
The two hundred and seventy present included 
ninety visitors from sixteen countries abroad. The 
chairman of the opening session was Sir Noel Ash- 
bridge, retiring director of technical services of the 
British Broadcasting Corporation. 

In the opening address, Prof. Willis Jackson 
referred to the two distinct, though closely inter- 
related, sides of the recent theoretical work: one, 
the theory of the representation of signals, that is, 
the analysis of signals into the basic elements—the 
‘alphabet’—-in which it is intended to communicate ; 
and the other, the statistical theory of communica- 
tion, that is, the application of probability theory to 
the communication of these elements. Prof. Jackson 
remarked on the value of the theory in affording means 
for the quantitative comparison of different trans- 
mission systems (different forms of modulation and 
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coding) ; on the progress being made in the develop- 
ment of techniques for the extraction of signals from 
a noisy background ; and on the considerable activity 
which it had stimulated in studies such as the analysis 
and synthesis of speech, the improvement of speech 
recognition in noisy conditions, the possibilities of 
compressing the band-width required in speech and 
television channels, the mechanism of hearing, etc. 
He remarked that communication theory has perhaps 
achieved little as yet in the last-named fields, but 
that to make a reproach of this would be on about the 
same level as pointing out that Carnot and Kelvin 
did not invent the gas-turbine. A basic theory is a 
compass rather than a vehicle, and there is little 
reason to doubt that, in this case as in others, it will 
be supported in due course by the inventive imagina- 
tion on which progress largely depends. 

Prof. Jackson then directed attention, in the 
absence of the author, to the “Summary of Communi- 
cation Theory” which Dr. D. Gabor had prepared 
for the benefit of the participants. In this paper Dr. 
Gabor discussed the parts played, in the development 
of the theory of communication, by classical Fourier 
analysis, its modification by treating time as a 
‘running’ variable and the application of probability 
theory to signal data ; and he detailed, in terms based 
mainly on the work of Dr. C. E. Shannon, the princi- 
pal concepts, theorems and results concerning the two 
aspects of the modern work, signal analysis and the 
statistical theory of communication, mentioned 
above. 

The first two days of the symposium were devoted 
mainly to problems concerning the detection of 
signals when mixed with noise, and served to 
emphasize that the detector must be regarded essen- 
tially as giving a probability distribution rather 
than a precise, error-free, extracted signal. A paper 
by P. H. Blundell suggested that it is not permissible 
to regard the whole of this (a posterior) distribution, 
in the mean, as a rate of information, since at 
any instant during the communication it cannot 
all be used. This argument aroused considerable 
discussion which served to clarify some import- 
ant misconceptions. Prof. Z. Jelonek followed 
with a summary of the results of a comparative 
study of various modulation systems in which he had 
calculated their respective theoretical rates of trans- 
mission of information. This paper, and an allied 
one by Prof. 8. Goldman (United States), demon- 
strated the quantitative value of the statistical 
theory, and revealed the limited practicable scope 
which is available for improvement in the methods 
of modulation now in use. 

New contributions to the theory and art of pulse 
modulation were made by F. de Jager (Netherlands). 
who described a one-unit code system of pulse-code 
modulation to which he had given the name ‘“‘delta- 
modulation”; by C. W. Earp, who discussed a 
possible modified form of pulse-code modulation, 
which he called the ‘ambiguous index system” ; 
by H. W. F. Groenewout (Netherlands), who gave 
the results of an investigation of distortion in 
pulse-code modulation systems ; and by Dr. D. M. 
MacKay, who raised an interesting problem concern- 
ing the transmission of neural impulses. 

Allied to these papers were others by R. H. Barker, 
who dealt with the important problem of the group 
synchronization of binary digital systems, and by 
Drs. A. E. Laemmel and D. A. Huffman (United 
States), who discussed the construction of codes, 
the former of error-correcting codes involving the 
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deliberate inclusion of redundancy, in the form of 
additional code signals, for the purpose of combating 
noise, and the latter of codes to remove excessive 
redundancy, where this exists. 

The discussion of the extraction of signals from 
noise, related more particularly to the detection of 
pulsed radar signals, and to the comparative efficiency 
in this respect of alternative methods of detection, 
was continued in papers by D. E. Hampton, by Dr. W. 
Meyer-Eppler (Germany), and by Profs. R. M. Fano 
and D. Middleton (United States). The two latter 
directed attention to calculation of the a posteriori 
probability of the received message from the a priori 
distribution and the assumed statistics of noise, and 
extended and generalized earlier work on the theory 
of ideal detectors. Middleton discussed his compara- 
tive studies based on several types of optimum 
test of a statistical hypothesis against an alternative 
—signal and noise as against noise— and his considera- 
tion of three types of ‘observer’, namely, the ‘“Neyman- 
Pearson’, the ‘ideal’ (Siegert) and the ‘sequential’, 
for which he had computed the corresponding 
betting-curves. He also described an analogue 
electronic device constructed by Dr. R. A. Johnson 
and himself for measuring the correlation functions 
of modulated carriers and noise following a non-linear 
device. One interesting conclusion to be drawn 
from this series of papers is that no marked inefficiency 
is associated with the types of detector now in use, and 
that in fact we cannot hope to go much better, which 
further illustrates the value of the modern communi- 
cation theory in enabling calculation of the limits of 
performance which practical systems cannot hope to 
exceed. There followed a series of papers by Drs. 
A. E. Bailey, R. L. Beurle and P. L. Waters, deal- 
ing with the question of information storage, and 
the comparative merits of magnetic, acoustic and 
electrostatic systems applied to signal integration. 

On the morning of the third day the discussion 
moved from statistical communication theory to a 
series of papers by D. H. Hamsher (United States), 
Dr. M. Cotte (France), Prof. K. Kiipfmiiller (Cermany) 
and Prof. T. Laurent (Sweden), concerned with the 
transient distortion and delay characteristics of 
transmission channels and with general signal analysis, 
chiefly with reference to telegraph and television 
systems, where the wave-shape of the signals is of 
prime importance. This was followed during the 
afternoon by consideration of the information con- 
tent of pictures and of its transmission by facsimile 
and television. Papers by Dr. J. Loeb (France), 
and by Dr. E. C. Cherry and G. G. Gouriet, em- 
phasized the excessive redundancy which exists 
in facsimile and television signals by virtue of the 
fact that the probability of a black or grey ‘dot’ on 
any real picture is far less than that of a plain sur- 
face element. Thus existing practical systems are 
potentially capable of transmitting patterns which 
are far more complex than ever arise in real pictures. 
Dr. Loeb pointed out that scanning is a wasteful and 
unnecessary procedure with simple pictures, such as 
sketches, charts, handwriting, etc., and described 
the principles of pantograph and stopping-spot 
devices which can trace the picture automatically 
and the output of which can be coded for transmission 
to a tracing pencil at the receiver. The second authors 
proposed @ system of velocity modulation applied to 
television to accomplish the same end. The discussion 
of these papers centred, somewhat naturally, round 
the psychological problem of ‘recognition’. A succeed- 
ing paper by Dr. G. Valensi (Switzerland) dealt with 
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the coding of colour-television signals. He stressed 
the merits of the modern view of the problem, which 
regards the black-white version of the picture as one 
signal and the superposed colour as @ second— as 
distinct from the simultaneous transmission of three 
pictures, red, blue and green--and proceeded to 
discuss the possible use of a sub-divided Maxwell 
colour triangle for defining the colour information. 

Speech and hearing formed the subject-matter of the 
programme on September 25. One group of papers, 
by J. Berry, D. L. Richards and J. Swaffield, dealt 
with studies of conversational speech on the tele 
phone. They described statistical measurements of 
the frequency of occurrence of particular words and 
syllables, consonants and vowels, strong and weak 
word-forms, etc., and also an attempt to relate the 
conventional methods of measuring the performance 
of speech-links to the concepts of ‘channel capacity’ 
and ‘information rate’ as defined in the modern 
theory of communication. Another group of papers, 
by Drs. G. E. Peterson, K. H. Davis, R. Biddulph 
and S. Balashek (United States) and by Drs. D. Fry 
and P. Denes, was devoted to the problem of speech 
recognition and to consideration of the principles 
whereby a ‘machine’ might print in standard symbols, 
or respond in some other recognizable way, to received 
human speech. These papers emphasized that a great 
deal of information is lost when speech is transformed 
to writing and that the main problem is to determine 
what are the minimal elements of speech which ensure 
identification. Dr. G. Raisbeck, who presented the 
paper by Drs. Davis, Biddulph and Balashok, 
described a machine which is able to identify each of 
the numerals, one to nine, though only when spoken 
by the same individual. The problems involved in 
making it capable of responding similarly to different 
voices, and of recognizing continuous phrases and 
sentences, are indeed complex and difficult ones, but 
carry some far-reaching implications. 

These papers were followed by two demonstrations, 
by W. Lawrence and by Dr. W. G. Tuller (United 
States), of machines which performed the com- 
plementary operation, that of uttering ‘spoken’ 
words when driven by electrical stimuli of compara- 
tively simple form. This fascinating work may provide 
an important ‘synthesis’ approach to the study of the 
speech recognition problem. 

A particularly interesting supplementary paper 
describing a new approach to the theory of hearing 
was presented by Dr. W. H. Huggins (United States). 
He began by considering the measurement of the 
pitch of a damped wave by means of a ‘phase detector’ 
and proceeded to suggest that while the basilar 
membrane itself does not possess suitable elastic 
properties to account for the fine pitch discrimination 
of the human ear, the tectorial membrane, with which 
it is connected by hair-cells, has similar frequency- 
selective properties to those of the phase detector. 
Dr. Huggins showed that these proposals conform well 
with the experimental results obtained by von Békésy, 
Galambos and Davis in studies of the cochlea of the 
cat. 

The topics considered on the final day lay somewhat 
aside the main theme of the symposium but were 
nevertheless much appreciated by a large audience. 
Two papers concerned with language and linguistics. 
presented by D. A. Bell and by Prof. B. Mandelbrot 
(France), afforded opportunity for a considerable dis- 
cussion among the linguists present, and revealed how 
closely the theories of communication and of language 
are related and how beneficial progress in one can 
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be to the other. An important succeeding paper by 
Dr. Y. Bar Hillel and Prof. R. Carnap (United States) 
referred to the mis-application by some men of 
science of the terminology and theorems of statistical 
communication theory to fields in which the term 
information is used, presystematically, in a semantic 
sense (one involving the contents or designata of 
symbols) or even in a pragmatic sense (one involving 
the users of these symbols) and to the misleading 
consequences which can result. They presented the 
outlines of a theory of semantic information based on 
the theory of inductive probability recently developed 
by Prof. Carnap, and suggested that this should serve 
as a better approximation than the present statistical 
theory for application to fields like psychology and the 
social sciences. 

An interesting application of the results and 
methods of communication theory to optics was 
described by Prof. A. Blanc-Lapierre (France) ; and 
in a paper entitled ‘Generators of Information’, 
Dr. D. M. MacKay raised a number of difficult 
questions, such as—Can we trace the information 
in @ channel back to an ultimate source, or are we 
restricted to considering information transducers 
only ? Communication theory generally accepts the 
a priori existence of an agreed alphabet : where does 
this arise ?~-and illustrated his arguments by descrip- 
tions of simple electrical machines. 

The symposium concluded with a _ general 
discussion, in which Dr. E. C. Cherry gave a summary 
of the main questions which had been raised during 
the week, and with an expression of appreciation by 
Prof. Willis Jackson to the British Broadcasting 
Corporation and the Ministry of Supply for the 
financial assistance they had afforded. The proceed- 
ings of the symposium are to be published by 
Butterworths Scientific Publications, Ltd. 
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THIRD INTERNATIONAL 
CONGRESS ON ASTRONAUTICS 


HE Third International Congress on Astro- 

nautics, held in Stuttgart during the week 
September 1-6, was attended by fifty official delegates 
and more than a hundred visitors. During the first 
two days the business of the International Astro- 
nautical Federation was discussed. The major item 
was the constitution of the Federation, which was 
agreed to and signed by all societies represented, 
these being the national societies of the Argentine, 
Austria, Denmark, Germany, Great Britain, Holland, 
Italy, Norway, Sweden and Switzerland, together 
with the American Rocket Society, Chicago Rocket 
Society, Detroit Rocket Society, Pacific Rocket 
Society and Reaction Research Society of the United 
States. The following officers were elected : President, 
Dr. E. Sanger (Germany); Vice-Presidents, Andrew 
G. Haley (United States} and Dr. L. R. Shepherd 
(Great Britain) ; Honorary Vice-President for Inter- 
national Relations, Dr. G. Loeser (Germany); and 
Secretary, J. Stemmer (Switzerland). 

Of the twenty-three papers presented during the 
technical sessions the majority were devoted to prob- 
lems of detail in space-flight. In his paper ‘‘Inter- 
orbital Transfer with Minimum Propellant Expendi- 
ture’’, D. F. Lawden (British Interplanetary Society) 
discussed the problem of the transfer of a rocket 
between two coplanar elliptic orbits, about the same 
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centre of inverse square law attraction, along a 
trajectory requiring a minimum of propellant expendi- 
ture. His solution involved a number of impulsive 
thrusts, and equations were obtained from which the 
magnitude and directions of these thrusts could be 
calculated in particular cases. In the case of transfer 
between circular orbits, the solution was shown to 
be equivalent to that due to Hohmann!. 

In “Exposure Hazards from Cosmic Radiation at 
Extreme Altitudes and in Free Space’’, Dr. H. J. 
Schaefer (American Rocket Society) reviewed the 
present position. In recent years direct evidence has 
been obtained of the existence of a component of 
primary cosmic radiation consisting of heavy nuclei. 
it is known that other types of primary radiation 
and secondary radiation are not dangerous, but this 
discovery places the problem of a possible exposure 
hazard for human beings, in the region of the primary 
radiation, on a new basis. The heavy primaries are 
characterized by an extremely high specific ionization 
and by a large radial spread of the ionization dose 
around the particle tracks. Either of these properties 
might endow them with a greatly increased biological 
effectiveness which cannot be measured effectively 
in terms of ordinary biological dosage units. The 
screening effect of the geomagnetic field is such, 
however, that these particles of comparatively low 
energy and heavy nuclei would be almost totally 
excluded from reaching the earth except near the 
poles. It remains an open question whether such 
particles are present or not in large quantities in the 
primary cosmic-ray spectrum in free space away from 
a body with a shielding magnetic field. It appears 
that it would probably be safe for human beings to 
venture a few hundred miles from the earth’s surface, 
but no definite statement can be made for more 
remote space. A further alternative is the possible 
existence of a heliomagnetic field which could screen 
part of the solar system. However, no clear experi- 
mental evidence of its existence is available. 

Experiments to investigate the biological effects 
of these heavy primaries were described by Prof. J. 
Eugster’ (Schweizerische Astronautische Arbeits- 
gemeinschaft) in his paper ‘‘Die biologische Wirkung 
der Kosmischen Strahlung, Methoden und neueste 
Ergebnisse’. Investigation of the biological effects 
on eggs of Artemia salina and human and animal 
living tissue was carried out by taking the specimens 
to heights of 28,000-30,000 m. in sounding-balloons. 
Direct hits by highly ionizing components on Artemia 
eggs had a lethal effect, the hatching-rate after 
exposure being zero. The comparative rates at the 
surface and at a station shielded by some 2,100 m. 
of rock were 96 and 9 per cent, respectively. The low 
hatching-rate of the eggs exposed underground was 
due to considerable neutron radiation which was 
found to be present. Evaluation of the results of 
exposure of human and animal tissues was not 
complete. 

A further medical problem of great interest in 
astronautics was discussed by Dr. A. E. Slater 
(British Interplanetary Society) in his paper “Sensory 
Perceptions of the Weightless Condition’. It has 
been suggested that the otolith organs of the inner 
ear might give confused results when not subjected 
to a gravitational force or acceleration, and might 
thus induce a feeling of ‘space-sickness’—perhaps 
akin to sea-sickness. In the weightless condition, the 
impulse frequency of the macule might or might not 
fall to zero. If there is a certain basic minimum 
frequency which is present during the weightless 
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condition, then the different otolith organs the 
macule of which face in different directions would 
give contradictory information, and a feeling of 
‘space-sickness’ might exist. However, it has been 
shown by both Adrian and Lowenstein that some 
nerve fibres of the otolith organs do not carry 
impulses when the head is in certain positions. In 
the weightless condition, therefore, it seems improb- 
able that any impulses would be present. Some 
forms of deafness are due to both middle ears being 
out of actica. No impulses can be transmitted under 
these conditions, and yet no ill-effects are felt. It is 
therefore thought that weightlessness also would 
bring no ill-effects. The main function of the otolith 
organs is almost certainly that of adapting the body 
to the effects of gravity by controlling the tone of 
the muscles used for balancing, and causing instant 
adjustments of muscular tension whenever necessary. 
J. HumpPuHRIES 


1 Hohmann, “Die Erreichbarkeit der Himmelskérper”’ (Oldenbourg, 
Berlin, 1925). 


PAN-AMERICAN INSTITUTE OF 
GEOGRAPHY AND HISTORY 


MONG the specialist agencies set up by the 

Governments of the American Republics is the 
Pan-American Institute of Geography and History 
(PAIGH). Much of the work of the Institute is 
carried out by the three Commissions which were set 
up at the fourth general assembly held at Caracas in 
1946. These three Commissions deal, respectively, 
with cartography, geography and history. 

The first meeting of the Commission on Geo- 
graphy or, as it has come to be called, the Pan- 
American Consultation on Geography, was held in 
Rio de Janeiro during September 1949; the second 
in Santiago, Chile, during October 1950; and the 
third in Washington, D.C., during July 25—August 4, 
1952. Future plans are to hold meetings of the 
Commission every two years. The twenty govern- 
ments which are members each send official repre- 
sentatives, and interested international organizations, 
such as Unesco, participate in an observer capacity ; 
the Canadian Government also sends observers. 

The chairman of the Consultation meeting at 
Washington, D.C., was Prof. Preston E. James 
(United States). All the proceedings were in English, 
Spanish or Portuguese, with simultaneous translation 
available for all meetings, which were held in con- 
ference rooms provided by the United States State 
Department. As an official gathering, attendance 
was limited to delegates officially appointed or special 
invitees. 

Some indication of the wide range of subjects 
covered by the conference is indicated by the 
existence of five sections which carried on their 
meetings simultaneously, and which dealt, respectively, 
with physical geography and biogeography, human 
geography, regional geography, geography of the 
Americas, teaching and methodology. 

Between Consultations the action programme of 
the Commission is entrusted to five permanent 
committees, which deal, respectively, with basic 
natural resources, settlement and colonization, land 
classification and survey of land use, geography of 
the Americas, and teaching and methodology. 

The American republics are acutely aware of the 
need for a comprehensive study of their geographical 
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resources as a prelude to schemes of land planning 
and conservation of resources. Not only are land-use 
surveys planned and in progress in many areas, bit 
also active steps are being taken to set up a training 
centre or training centres where those with a basic 
university training can be given the necessary 
instruction to enable them to take their place in the 
survey teams which are planned. It is proposed to 
set up a government-sponsored college for this 
purpose, probably in Rio de Janeiro. 

L. DupLEY Stamp 


REACTIVITY OF PROTEIN FIBRES 


URING the annual conference of the Society of 

Leather Trades’ Chemists, held at the University 
of Leeds during September 19-20, the fifth Procter 
Memorial Lecture was delivered by Prof. J. 3. 
Speakman, professor of textile industries in the 
University of Leeds, his subject being ‘“The Reactivity 
of Protein Fibres: Some Analogies between Keratin 
and Collagen’”’. 

After paying tribute to Prof. Procter, and those 
members of the staff of the Department of Leathe: 
Industries in the University of Leeds—Mr. F. ©. 
Thompson and Prof. W. R. Atkin—who had worked 
with him, Prof. Speakman began to develop his 
comparison of keratin and collagen in terms of the 
amino-acid composition. Because of the close 
similarity in the proportions of basic and (free) 
carboxylic acid side-chains, close similarity in the 
reactions with acids and alkalis is to be expected, 
apart from complications due to the presence of 
cystine in keratin. The titration curves of the two 
proteins were compared and their reaction with acids 
discussed in detail. Prof. Speakman suggested that 
differences in the acid titration curves of different 
forms of collagen are due to neglect of differences in 
swelling, and to errors in the calculated amount of 
combined acid when no account is taken of the 
difference in concentration of acid inside and outside 
the collagen. In terms of the Donnan theory of 
membrane equilibrium, methods of calculating the 
‘true’ titration curve were outlined, the ‘true’ curve 
representing the correct amounts of acid combined 
at different internal pH values. 

Prof. Spsakman next turned his attention to the 
action of neutral salts on keratin, potassium chloride 
and lithium bromide being chosen as examples of 
two main types. It was shown that the former causes 
breakdown of salt linkage through the association of 
potassium and chlorine ions with the oppositely 
charged ions of the linkage. Lithium bromide has 
the same effect but, in addition, causes breakdown of 
hydrogen bond at concentrations below about 5-8 M. 
Above this concentration, co-ordination with hydro- 
philic groups in neighbouring chains leads to some 
measure of cross-linking. 

Close analogy between keratin and collagen is also 
found in the supercontraction of the former and the 
hydrothermal shrinkage of the latter. Although the 
molecular structure of keratin is more stable than 
that of collagen, because of cystine linkages in the 
former, breakdown of hydrogen bond by means of a 
50 per cent solution of phenol promotes the con- 
traction of wool fibres at high temperatures. By 
determining the temperature at which 20 per cent 
contraction occurs in 20 minutes, in accordance wit! 
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Zahn’s procedure, it was shown that the least plastic 
wool fibres have greater cohesion than the most 
plastic. 

- In relation to tanning, it was shown that form- 
aldehyde, benzoquinone and basic chromium acetate 
cross-link keratin, and that cross-linking reactions 
are to be expected with collagen. The fact that the 
strength of collagen is reduced by tanning is probably 
due to the effect of cross-linking on the extensibility 
and surface friction of the ultimate fibres. It was 
suggested that frictional measurements on tanned 
and untanned collagen fibres would be a profitable 
study. 

Finally, some attention was given to the propor- 
tions of crystalline and amorphous material in protein 
fibres. A new method of measuring the proportions 
with heavy water was described, and it was suggested 
that the polymerization of suitable monomers within 
the fibres, with subsequent cross-linking where 
possible, provides an interesting possibility of over- 
coming the accessibility problem and, at the same 
time, of developing new tanning processes. 


NATIONAL RESEARCH COUNCIL 
OF CANADA 


REPORT FOR THE YEAR 1951-52 


rT HE thirty-fifth annual report for 1951-52 of the 
National Research Council of Canada* is the 
last to appear over the name of Dr. C. J. Mackenzie 
as president, for he has now become president of the 
new Crown company, Atomic Energy of Canada, 
Ltd., an organization to which the responsibility of 
operating the Chalk River project was transferred 
from the Research Council on April 1, 1952. 
Considerable expansion occurred in the work of the 
National Research Laboratories during the year, but 
especially in the field of defence production ; new 
buildings are being erected to provide much-needed 
accommodation for several Divisions, and that for 
the Applied Chemistry Branch was expected to be 
occupied during the summer of this year. The largest 
outside unit now operated by the Council is the 
Prairie Regional Laboratory at Saskatoon. This is 
primarily concerned with research designed to pro- 
mote new uses for agricultural products. Funda- 
mental studies on the mechanism of the biosynthesis 
of ustilagic acid, a product of the corn smut fer- 
mentation, in which the fungus is grown in media 
containing radioactive carbon compounds, have been 
started, and many samples of ustilagic acid have been 
despatched for testing. Investigations on the control 
of loose smut of barley by treating infected seed with 
antibiotics are being continued. The carbohydrate 
metabolism of bacteria is being studied with radio- 
active carbon dioxide, and the concentration of the 
active carbon atom in the fermentation products 
shows that different organisms vary in their ability 
to incorporate carbon dioxide in their metabolic 
products. A new method has been developed for 
preparing radioactive cyanide, and fundamental 
studies in sugar chemistry were continued. The 


development of a rapid continuous process, which will 
produce a chemical pulp having properties similar to 
hall-milled straw, is being investigated and also the 

* Thirty-fifth Annual Report of the National Research Council of 


Canada, 1951-52 (N.R.C. No. 2780). 
Ottawa, 1952.) 


(From the Council, 


Pp. 46. 
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factors responsible for the increased resistance of 
these strawboards to water, while the fractionation 
of rape-seed oil with furfuraldehyde as solvent was 
being tested on a pilot scale. 

Food investigations have had a major share in the 
Division of Applied Biology ; but emphasis on long- 
term fundamental research is increasing. The Wilt- 
shire bacon project was concluded with a study of the 
effects of varying temperatures and salt concentra- 
tions on storage life. Production of butylene glycol 
from beet molasses and sulphite liquor reached the 
pilot-plant stage, and a rapid method giving high 
yields of citric acid by the submerged fermentation 
of beet molasses has been developed in the laboratory. 
Studies in photosynthesis have shown that the Hill 
reaction is stimulated by anions at pH levels above 
the optimum, and that malic enzyme has a possible 
role in photosynthesis. Activity in the colloid section 
of the Division of Chemistry has been mainly con- 
cerned with the properties of suspensions, but the 
physical properties of anhydrous soaps have also been 
examined. The Division has continued its calori- 
metric investigation of the thermodynamic properties 
of simple gases adsorbed on solid surfaces ; its study 
of the chemistry of liquid ammonia solutions ; and 
its work on the thermal decomposition of gaseous 
organic compounds, using a mass-spectrometer, 
designed for the quantitative analysis of the stable 
products and of the short-lived intermediates, such as 
free radicals, which are formed. Investigations of 
critical-temperature phenomena have led to a better 
understanding of the nature of the liquid—vapour 
transition, and many measurements were made, in 
the project on the permeability of fabrics, of the air 
flow through wire gauze of varying fineness for differ- 
ent drops of pressure. The structures of all the 
alkaloids of the sparteine group have been established, 
and much attention given to the preparation of 
steroids containing deuterium. 

In the Division of Applied Chemistry work on the 
simultaneous drying and thermal cracking of Alberta 
wet crude water-separated bitumen has given a cheap 
dry oil of low viscosity in a single operation. A very 
sensitive microbalance has been constructed for use 
in investigating the first stages of the oxidation of 
metals, and an automatic-recording balance has been 
designed and built to measure the oxidation-rates of 
heat-resistant alloys. A moisture-permeable white 
paint has been formulated for exterior use, and the 
adsorption of anionic- and non-ionic-type synthetic 
detergents has been studied on three types of carbon 
taken as representing the important components of 
normal ‘dirt’, and also their adsorption on textile 
fibres. Two new reactors with multi-point sampling 
and feed connexions have been built for the small- 
scale plant for the oxidation of ethylene to ethylene 
oxide to determine optimum conditions and flow 
design for a full-scale pilot plant. 

The Canadian defence programme has particularly 
affected the Division of Mechanical Engineering, and 
assistance to industry in the design and development 
of new aircraft constitutes a large part of the work 
of the Division’s aerodynamics and flight research 
laboratories. A thermodynamics laboratory was 
being constructed for work on compressors and gas 
turbines, and in the low-temperature laboratory 
work on aircraft-icing included measurement of the 
physical characteristics of icing-clouds and the 
development of electrothermal protection for aircraft 
wings, propellers, windscreens and tail units. The 
Division of Medical Research made special provision 
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for research into the action and uses of adrenocortico- 
tropic hormone and cortisone, under an ad hoc 
advisory committee, while under the regular research 
programme 125 grants-in-aid were made during 1951, 
including eleven for studies in arteriosclerosis or in 
cholesterol metabolism, a large grant to Dr. L. B. 
Jacques to study the clotting of blood, and nine for 
investigations bearing on the development of bone, 
the natural alignments and proportions of the bony 
skeleton and the reparative processes which follow 
damage. 

In the Department of Physics the newly estab- 
lished laboratory to investigate the nature of the 
solid state is already undertaking work on thermal 
and electrical conductivity, the nature of super- 
conducting materials and the study of specific heat 
and thermal dilatation, and much important pre- 
liminary work has been carried out in the new photo- 
grammetric research laboratory. Studies of the 
factors involved in the reduction of the noise associ- 
ated with the testing of jet engines, and of photo- 
graphic resolution in contact printing have also been 
made by the Division. Apart from projects for the 
Armed Services, the Division of Radio and Electrical 
Engineering has completed a long-term study of the 
absorption of micro-wave radiation by snow and has 
continued studies on the fundamental aspects of 
electron emission from oxide-coated cathodes and on 
radio-frequency re-warming techniques for treatment 
of patients with lower body temperatures; it has 
developed further the micro-wave beacon system as 
well as a remote-control system for unattended fog- 
horn stations and also an experimental wired 
television system for viewing submerged objects. 


SYNTHETIC ACTION OF ALMOND 
EMULSIN 


By Pror. STANLEY PEAT, F.R.S., Dr. W. J. 
WHELAN and Mars. K. A. HINSON 


Chemistry Department, University College of North Wales, 
Bangor 


HE ‘literature contains numerous references to 

the synthetic action of a- and §-glucosidases. 
Thus Croft-Hill! claimed the synthesis of maltose 
from glucose by the action of a yeast extract. 
Bourquelot and Bridel reported the synthesis of 
8-glucosides by the action of almond emulsin (a 
8-glucosidase) on glucose and alcohols’ and also the 
synthesis of gentiobiose by action on glucose alone’. 
These workers recognized that gentiobiose is not the 
sole product of this action, and suggested that 
cellobiose was also formed‘. The products obtained 
by Croft-Hill were ill-defined® ;\but the synthesis of 
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gentiobiose by emulsin is a well-established fact and 
is recommended as a preparative method for this 
disaccharide’. 

As part of a study of the synthetic activity of 
glucosidases, we allowed almond emulsin (0-6 gm.) 
to act on a concentrated aqueous solution of glucose 
(60 gm./102 ml. solution) at 35° for five weeks (under 
toluene). Paper chromatograms of the digest indicatud 
that gentiobiose made its appearance within three 
days, and later revealed the formation of other 
synthetic products. After the incubation, the digest 
was fractionated on a charcoal-‘Celite’ column’ and, 
following the removal of glucose, five products were 
obtained. One was a pure substance; the others 
were mixtures which were, however, completely 
separated into four pure sugars by further fraction- 
ation on charcoal and, in one case, on filter paper. 
Each product proved to be a disaccharide, and 
examination of the physical properties of each sugar 
and its B-octa-acetate identified the five substances as 
gentiobiose (8-1 : 6 link), cellobiose (8-1 : 4), lamina- 
ribiose (8-1 : 3), sophorose (8-1 : 2), and 88-trehalose. 
The properties and approximate yields are listed in 
the accompanying table. The synthetic disaccharides 
have Ry values identical with those of authentic 
specimens. 

Emulsin displays a group rather than an absolute 
specificity, inasmuch as it catalyses the hydrolysis of 
many {-glucosides, including the five disaccharides 
under discussion. It is evident that in its synthetic 
action the enzyme also displays group specificity. 
Each of the available hydroxyl groups in the gluco- 
pyranose ‘acceptor’ can be utilized for the formation 
of a B-linkage, although some selectivity appears to 
be exercised with respect to the a- or 8-configuration 
of C, since «$-trehalose has not been detected. It 
would seem that emulsin catalyses the reversible 
reaction : 

Emulsin 
Glucose + glucose =— disaccharides + water. 





The equilibrium does not lie completely on the side 
of hydrolysis, and the extremely slow rate of 
disaccharide formation suggests that the energy for 
synthesis is derived from the thermal motion of the 
molecules rather than from a chemical reaction. It 
is also reasonable to suppose that the relative yields 
of the disaccharides will be inversely related to the 
rates at which they are hydrolysed by emulsin. It 
is known, for example, that cellobiose is more readily 
hydrolysed by acid than is gentiobiose!*, and the 
table shows that the latter is preferentially syn- 
thesized. On this basis, the order of stability of the 
disaccharide links would be 8, 6 > 8, 4 > 8, 3 > 8, 2 
or 8, 8. It may be mentioned that prolonged action 
of emulsin on glucose leads to the synthesis of 
saccharides of a higher order than the disaccharides 
described. These higher saccharides have not yet 
been examined. If the synthesis proceeds in the 


PROPERTIES OF THE SYNTHETIC DISACCHARIDES 





Experimental values | 


Values for authentic specimens 
































| | 
| | B-Octa-acetate B-Octa-acetate | 
de | Yield (gm.) | {e]pin [a]pin m.p. {a]pin {a]p in m.p. Reference 

| aera | | water* | chloroform |  water* | chloroform 
sentiobi 7-0 +11-8° — 51° 193° | + 9-6° — 53° 193° 8 

| one ag 10 | + 34-5° — 6-1° 192 ‘5° + 34-6° —7-0°t | 193-5°t -- 

| - Tesninariblose 0-5 + 20-3° —28-5° | 159-5-160° + 20°8° — 238° |  160-161° 9 
Sophorose | <0-1 +18-4° | —3(+ 2% 189-5° + 20-0° —3-8° | 192° 10 
68-Trehalose | 0-1 —38-2° | —17-9° 179-5° — S04" | — 184° | 180-5-181-5° | 11 





* Equilibrium values. 


t Values determined by the authors. 


No. 4 


rundom 
charides 
and fow 

We t 
synthesi 
it is hig 
in plant 
the fact 
may no 

We w 
(Heidel 
sity, Mi 
and 68-1 


‘ Croft-Hi 
* Bourque 
> Bourque 
57, 7 

* Bourque 
(1919) 

> Pringshe 
* Helferic! 
? Whistler 
(1950) 
3692 ( 

* Hudson, 
(1917) 

* Percival 
‘° Freuden 
"! McClosk 
Soe., 

'? Moelwyt 


FLIG 
FRE 
TI 


Depart’ 
Al 
ir 
kymogr 
and the 
used by 
investig 
scope*! 
An is 
method 
determi 
tone, th 
wings. 
frequen 
have us 
require¢ 
must tl 
ditions. 
‘quasi-r 
the ‘soy 
nature! 
systemeé 
of som 
himself 
techniq 
those 
agreem 
and th 
confirm 
* Prese! 
Mass., U. 












i 













December 20, 1952 


No. 4338 


rendom fashion displayed in the case of the disac- 
charides, there could be formed forty trisaccharides 
and four hundred and forty tetrasaccharides. 

We believe this to be the first authenticated 
synthesis of cellobiose by enzymic action, and while 
it is highly improbable that cellulose is synthesized 
in plants by the action of a $-glucosidase on glucose, 
the fact that a 8-1 : 4-link is synthesized by emulsin 
may not be without significance. 

We wish to express our thanks to Dr. F. Cramer 
(Heidelberg) and Dr. G. H. Coleman (Wayne Univer- 
sity, Michigan) for authentic specimens of sophorose 
and $8-trehalose octa-acetate respectively. 

{July 31. 
‘ Croft-Hill, A., J. Chem. Soc., 634 (1898). 
 Bourquelot, E., and Bridel, M., Ann. chim. phys., [8}, 29, 145 (1913). 
' Bourquelot, E., Herissey, H., and Coirre, J., C.R. Acad. Sci., Paris, 

157, 732 (1913). 

‘ Bourquelot, E., and Bridel, M., C.R. Acad. Sci., Paris, 168, 1016 

(1919). 


> Pringsheim, H., and Leibowitz, J., Ber., 57B, 1576 (1924). 

* Helferich, B., and Leete, J. F., “Org. Syntheses’’, 22, 53 (1942). 

’ Whistler, R. L., and Durso, D. F., J. Amer. Chem. Soc., 72, 677 
(1950). Bailey, J. M., Whelan, W. J., and Peat, 8., J. Chem. Soc., 
3692 (1950). 

* Hudson, C. S., and Johnson, J. M., J. Amer. Chem. Soc., 39, 1272 
(1917). 

* Percival, E. G. V., and Bachli, P., J. Chem. Soc., 1243 (1952). 

‘© Freudenberg, K., Knauber, H., and Cramer, F., Ber., 84, 144 (1951). 

'! McCloskey, C. M., Pyle, R. E., and Coleman, G. H., J. Amer. Chem. 
Soc., 66, 349 (1944). 

'? Moelwyn-Hughes, E. A., Trans. Farad. Soc., 25, 503 (1929). 


FLIGHT-TONE AND WING-STROKE 
FREQUENCY OF INSECTS AND 
THE DYNAMICS OF INSECT 
FLIGHT 
By Dr. OLAVI SOTAVALTA 


Department of Zoology, University of Turku, Fin'and* 


ANY methods have been employed for determin- 

ing wing-stroke frequency in insects’*. The 
kymograph was mainly used by the older authors*-, 
and the chronophotographic method has also been 
used by investigators of insect flight®*. Modern 
investigators have successfully applied the strobo- 
scope*!5 and the oscillograph*!5-}7, 

An isolated position is occupied by the acoustic 
method, which, like the oscillographic method, 
determines the wing-stroke frequency by the flight- 
tone, that is, by the hum emitted by a flying insect’s 
wings. One of the first investigators of wing-stroke 
frequency, Landois, applied this method'’, and I also 
have used it'*. Since no registering instrument is 
required, the technique is more or less subjective and 
must therefore be used under strictly critical con- 
ditions. The difficulties that an inexperienced or 
‘quasi-musical’ observer will readily encounter include 
the ‘soprano-tenor-error’, which is of a psychological 
nature'»*, and this has, unfortunately, produced a 
systematic error of one octave in the determinations 
of some of the earlier authors, including Landois 
himself. I have shown that the critical use of this 
technique will produce results fully consistent with 
those obtained by instrumental methods; and the 
agreement between the frequency of the wing-strokes 
and the flight-tone has recently been beautifully 
confirmed by Williams and Galambos with practically 


* Present address: Department of Biclogy, Tufts College, Medford, 
Mass., U.S.A. 
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simultaneous stroboscopic and oscillographic observ- 
ations on the flying insect’*. Moreover, the acoustic 
method makes it possible to observe insects in free 
flight, while the other methods more or less limit 
observation to insects attached to a support. 

The wing-stroke frequency, ranging in the insect 
world from 0 to about 1,000/sec., is found to have a 
certain relationship to the wing and body dimensions 
and to the wing-stroke angle of the insect*. In some 
insects (for example, among the Diptera) it varies, 
moreover, with the environmental temperature*®, 
while in others (for example, among the Hymenoptera) 
it is independent of this factor*. The results concern- 
ing the relationship between the frequency and tbe 
atmospheric pressure or density have hitherto been 
discrepant*!*. It has also been found that mutilation 
of the wings by cutting increases the wing-stroke 
frequency, though this fact has been given a variety 
of explanations**,7-73.18, 

Chadwick, Williams et al.1*14 have shown that 
the wing-stroke frequency in Drosophila is an indicator 
of the consumption of energy by this insect, and is 
thus a method by which a quantitative approach to 
the dynamics of the flight of insects is possible. An 
investigation carried out in the Department of 
Zoology, University of Cambridge, during 1948-50° 
has shown that the wing-stroke frequency seems to 
indicate delicately the state of balauce between the 
dimensions of the insect and the dynamics of its 
flight. When the wings of an insect are mutilated or 
loaded, the frequency of wing-stroke varics in inverse 
proportion to the cube root of the total moment of 
inertia of the wings, independent of whether the 
alterations are made symmetrically or asymmetrically 
on the two sides. When the insect is exposed to 
subatmospheric pressures, the frequency of wing- 
stroke is unaffected or shows a certain negative cor- 
relation with the pressure (actually, with the density**) 
of the gas medium, depending on the size and the 
frequency of wing-stroke of the insect. 

In one series of experiments, the wings were 
mutilated by transverse, longitudinal or oblique cuts, 
or loaded with a drop of collodion. The moment of 
inertia (J) was calculated by approximate methods 
and the wing-stroke frequency (v) determined mainly 
acoustically. The results were examined on a two- 
way logarithmic co-ordinate system, and showed the 
following relationship : : 


vy oe [70+3540-05, 


In another series of experiments, the insects were 
allowed to fly in a pneumatic bell-jar, connected with 
@ water-jet pump. The atmospheric pressure (p) was 
read from the manometer and the frequency of wing- 
stroke determined mainly acoustically by aid of a 
microphone inside the bell-jar. The results were 
examined as above, and showed the following 
relationship : 


ane of p® —>— 0.95 | 


the exponent depending on the size and frequency of 
wing-stroke of the insect 

Considering the wings of an insect as bodies 
simultaneously performing simple-harmonic rotary 
motion and as paddles working against the air, and 
assuming (1) that the kinetic energy of the wings is 
destroyed after each single up or down wing-stroke, 
and (2) that the rate of energy output of the insect 
and the stroke-angle (9,) of the wings (that is, the 
amplitude measured) from the ‘equilibrium’ position 
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remain constant, the energy used for keeping the 
wings in motion during a time ¢ is calculated to be 


E, = 2n*v*Io,? . 2vt = 4x*v*I¢,t, 
and therefore v « J—®33, 


which very well agrees with the experimental results 
of the first series. The theoretical value of the 
amount of work done against the air?°*! under the 
same conditions is estimated to be variable—less 
than 1 per cent of the work done in keeping the wings 
in motion, that is, against the effect of wing inertia, 
and therefore negligible, in insects of a large (‘usual’) 
size and a relatively high wing-stroke frequency, and 
more significant in insects with a small size and/or a 
low wing-stroke frequency. This fully agrees with 
the experimental results of the second series, and 
therefore also explains the inconsistency in the earlier 
results of the effect of atmospheric pressure or density 
on the frequency of wing-stroke. 

If further experiments continue to support the 
theory advanced here, it follows that: (1) the 
energy economy in a big insect is very wasteful ; 
(2) the rate of energy output does not vary greatly ; 
(3) it is more economical for the insect to vary the 
aerodynamic work of the wings by altering the 
amplitude rather than the frequency; (4) the dis- 
tribution of energy in flight is delicately balanced ; 
and (5) the frequency must be low and the amplitude 
large in insects of 4 very large size, and that a very 
high frequency and a small amplitude can be afforded 
only by small insects. Many observations that have 
been made in Nature agree with these inferences. 
Attempts were also made to calculate the theoretical 
muscle efficiency of some insects. 

Some laws relating to different morphological char- 
acters of the wings of insects have also been 
formulated, and in some cases a striking correlation 
is recorded between these characters. 

Contrary to the assumption made here, Chadwick" 
has found that, in Drosophila, the amplitude shows a 
correlation with atmospheric density. However, as 
the amplitude in insevts is generally relatively large, 
the percentage change in it cannot be so great as to 
produce distinct changes in the balance of other 
factors involved, such as those described in the 
present article. 

That the mutilation of wings must be symmetrically 
equal on both sides before an effect on the wing- 
stroke frequency is observed has been claimed by 
20ch®. This conclusion has been proved wrong by the 
present author®®° and by Chadwick and Williams'"’. 

The earlier theories of the present author and 
others?-13.21.22 relating the wing-stroke frequency to 
the dimensions of insects or to the dynamics’ of 
flight are therefore incomplete, since they neglect the 
effect of wing inertia; this, however, seems in most 
insects to be a major factor involved in the dynamics 
of flight. 

Pringle** concluded that the main principle in the 
contraction of the flight muscles in flies was the 
existence of a non-reflex myogenic oscillation, the 
frequency of which is controlled by the direct loading 
of the flight muscles, and which continues so long as 
the requisite state of excitation is maintained by 
arrival of motor nerve impulses. He discovered that 
the nerve impulses recorded in the thorax arrived in 
a rhythm of one impulse to several wing-strokes ; and 
Roeder’s‘’ observations that in the fly and wasp the 
changes of potential (arriving nerve impulses) in the 
thorax are not synchronous with the thorax move- 
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ments, while in the moth and cockroach they ar. 
extend this view. The observations presented he: 
would also be in accord with the findings of the 
authors. {May 8. 
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EFFECT OF THE ‘MARSH FACTOR’ 
ON THE SHORTENING OF 
MUSCLE FIBRE MODELS IN THE 
PRESENCE OF ACENOSINE 
TRIPHOSPHATE 


By J. R. BENDALL 


Low Temperature Station for Research in Biochemistry and 
Biophysics, University of Cambridge and Department of 
Scientific and Industrial Research 


N recent papers from this laboratory, B. B. Marsh’ 
has described a factor present in extracts of fresh 

rabbit’s muscle which inhibits the shrinkage of muscle | 
fibres when treated with adenosine triphosphate f 
(ATP) and also marke! inhibits the breakdown of [| 
adenosine triphosphate in a suspension of washed | 
fibres. In view of the important physiological 
implications of these observations, they have now 
been extended to a study of the action of the factor 
upon strips of anatomically intact muscle, modified 
physiologically so as to render them suitable for 
demonstrating the action of the factor. 

The first difficulty to be overcome was the prepara- 
tion of a reasonably stable active extract, since, as 
Marsh showed, the active factor is extremely labile 
and is inactivated in a large number of cases without 
apparent cause. After many trials, it was found 
that an act’ve extract could best be prepared from 
the psoas muscles of rabbits paralysed with myanesin — | 
for 15 min. before death by decapitation. The | 
paralysis ensures a high pH (> 7-0) in the muscle’. [| 
Weighed samples of muscle are then minced with 
scissors into four volumes of 0:04 M potassium . 
chloride with 0-004 M iodoacetate solution, and 
immediately homogenized in the Marsh-Snow homo- 
genizer‘ for 1-2 min. The resulting brei is left 30 min. 
at room temperature to attain full chemical equi- 
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ibrium and then centrifuged for 5-10 min. at 3,000 
r.p.m. About 60 per cent of the original total volume 
is recovered as a slightly cloudy, opalescent extract. 
The potassium chloride concentration of the extract 
s then made 0-16 M by addition of 1-6 M potassium 
chloride, and the final solution is stored at 0° C. It 
is stable for at least 12 hr. The purpose of the iodo- 
acetate in the extractant is to prevent glycolysis and 
to maintain a pH in the range 6-95-7-05. Marsh? 
showed that iodoacetate has no inhibitory effect on 
the activity of the factor under investigation. 

Two methods were employed for preparing a model 
fibre system on which to test the factor extracts. 
Che first of these (system 1) was a modification of a 
method of Perry’, by which the psoas muscle of a 
rabbit, paralysed for 15 min. with myanesin before 
death, was exposed and from it were separated with 
a blunt scalpel thin strips, about 0-3 mm. thick. 
The strips were tied off with cotton thread at either 
end, the distance between the ties being 2-0-3-0 cm. 
The strip was then cut away, attached at one end 
to the bottom of a vertical muscle-bath and at the 
other to a light kymograph lever, and fixed at the 
rest-length. A solution of 0-9 per cent sodium 
chloride and 0-004 M iodoacetate was then run into 
the bath and left in contact with the strip until rigor 
had occurred (2-3 hr.). The solution was then run 
out, and the muscle-bath attached to the supporting 
column was removed to a room at 20° C. for 
24 hr. It was then brought back to room tem- 
perature and fixed in the kymograph machine, and 
a solution of 0-16 M potassium chloride with 0-005 M 
magnesium chloride added to the bath and left there 
for 10 min. before addition of adenosine triphosphate 
wr Marsh factor. 

The second method (system 2) was to prepare 
strips about 14 mm. thick from a psoas muscle (as 
above), attach them to cork supports and submerge 
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with membrane iunpermeability.) It was possible 
with the iodoacetate-poisoned frozen system (system 
1) to make a full study of the relation between 
thickness of fibre-bundle and work done under 
optimal load and to show that the Webers’s con- 
tention’ was correct that only an outside ring of 
single fibres was fully reactive to adenosine triphos- 
phate over a range of thickness of bundle of 0-2- 
1-0 mm. It has also been possible to study the 
effect of the Marsh factor upon it. Such an experi- 
ment is illustrated in Fig. a. At the first arrow a 
solution of 0-006 M adenosine triphosphate/0-16 M 
potassium chloride/0-005 M magnesium chloride was 
added to a strip 0-3 mm. in diameter. About 220 
gm.cm. of work was done per gm. of muscle in 
12} min. under a load of 500 gm./sq. em. At this 
point (second arrow) the adenosine triphosphate 
solution was run out and a factor preparation to 
which 0-006 M adenosine triphosphate had been 
added for 7 min. previously, was run into the muscle 
bath. The muscle immediately lengthened, and 
within another 124 min. the load had done 195 gm.cm. 
of work upon it. This effect is typical of normal 
muscles in the presence of the factor preincubated 
with adenosine triphosphate. If adenosine triphos- 
phate is added to the factor preparation and the 
latter then added immediately to the muscle there is 
a delay of 3-5 min. before lengthening begins. 
Exactly similar results are obtained with glycerin- 
ated fibres (system 2). Curves of three-factor 
experiments with such fibres (system 2) are illus- 
trated in Figs b-d. 0-006 M Adenosine triphosphate 
was used throughout, with or without the presence 
of the factor. Salt concentrations are as mentioned 
above for system 1. All the fibre samples were taken 
from the same glycerinated psoas strip. In addition, 





them in 50 per cent glycerol at 
0°C. for 24 hr. (cf. Szent 
Gyorgyi®). At the end of that 
time they were removed and 
strips 0-2-0-3 mm. thick were 
separated from them at 0° C. 
These were tied off with cotton 
at either end, the length between 
ties being 2-3 cm. The strips 
then placed in 0-16 M 
potassium chloride with 0-005 M 
magnesium chloride solution, 
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were 


musel 


three control strips were studied under optimal 
loading conditions with adenosine triphosphate 
“PF (a) “PFA (b) 





brought to room temperature, 
and placed in position in the 
muscle-bath. They were left in 
potassium chloride solution to 
attain osmotic equilibrium for 
20 min., and additions of adenc 
sine triphosphate or factor were 
then made. In both systems a 
gentle stream of nitrogen bubbles 
was used to stir the fluid in the 
bath. 

Both types of preparation 
normally shorten under load on 


em 


Work done (gm 


soN—————— 


addition of adenosine triphos “10 
phate. (During a brief period in 
the spring, system 1 lengthened 
on addition of adenosine triphos- 
phate and would only shorten on 
subsequent addition of calcium 


es ee 
ions. This effect is as yet unex 


‘ Ca** ; 
plained, but may be connected 


KCl: 
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Effect of Marsh Factor preparation when added at various stages during the shortening of fibre- 
models in the presence of adenosine triphosphate. (a) Iodoacetate-poisoned frozen fibres. 


(b)-(d) Glycerinated fibres 


“ATP”: 0-006 M adenosine triphosphate/0-16 M potassium chloride/0 005 M magnesium chloride. 
Factor pre-incubated with 0-006 M adenosine triphosphate for 3-7 minutes as in text. 
“kh”: Factor mixed with 0-006 M adenosine triphosphate and added to muscle immediately 
Addition of calcium chloride to 0-006 M. 

Wash with 0°16 MJ potassium chloride/0-005{M magnesium chloride. 
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potassium chloride/magnesium chloride solution 
alone. These are not shown, but they all shortened 


immediately on addition of adenosine triphosphate, 
and at thicknesses between 0-25 and 0:35 mm. gave 
an average work performance of 316 gm.cm./gm. of 
muscle in 13 min., with a range of variation of 

35 gm.cm./gm. 

In Fig. 6, adenosine  triphosphate/potassium 
chloride/magnesium chloride solution was added to 
the muscle at the first arrow. 250 gm.cm. of work 
was done in 12 min. At the second arrow a factor 
preparation pre-incubated with 0-006 1 adenosine 
triphosphate for 7 min. was added. Immediate 
lengthening occurs, and 130 gm.cm. of work is done 
on the muscle by the load in 9 min. As calcium ions 
are known to inhibit? the increase of fibre-volume in 
the brei system, calcium chloride (final concentration 
0-006 M) was added here (at the third arrow) while 
the factor was still present. The muscle immediately 
begins to shorten again, and in 4 min. does 40 gm.cm. 
of work. The curve then straightens out and addition 
of further calcium ions has no effect. This effect 
could also be demonstrated in system 1. However, 
addition of calcium ions only rarely brings 
about 100 per cent recovery from the lengthening 
caused by the Marsh factor. It is noteworthy that 
addition of calcium ions to the system shortening in 
adenosine triphosphate alone has little or no effect 
on the rate or amount of shortening (cf. the control 
curve in Fig. c, arrows marked Cat*), 

In Fig. c, the muscle was allowed to shorten in 
adenosine triphosphate solution to about half the 
maximum. At this point, pre-incubated factor was 
added (arrow 2), and immediately the rate of 
shortening slows down and within 1 min. the muscle 
begins to lengthen. This it was allowed to do for 
13 min. Then, at arrow 3, the factor was washed 
out with a solution of potassium chloride/magnesium 
chloride. This brings about an immediate small short- 
ening, indicating that some active part of the factor 
complex has been washed out of the muscle before 
all the adenosine triphosphate is removed. It is 
an invariable effect of washing with potassium 
chloride after factor addition. This was allowed to 
proceed for 3} min., and then a fresh solution of 
adenosine triphosphate / potassium chloride / mag- 
nesium ions was added at arrow 4. This brings about 
its normal shortening effect. Addition of 0-006 M 
calcium chloride at arrows 5 and 6 brought about no 
change of rate, as mentioned previously. 

In Fig. d, 0-006 M adenosine triphosphate was 
added to a factor preparation and the latter added 
to the muscle immediately. The muscle begins to 
shorten and do work, but after 1 min. the shortening 
ends abruptly and lengthening begins, proceeding 
almost linearly for 9 min., by which time the muscle 
has been stretched 5 per cent beyond its rest length. 
At this time the factor was washed out with a solution 
of potassium chloride/magnesium chloride (arrow 2) 
and again the muscle shortened slightly. When this 
shortening was complete (arrow 3), 0-006 M adenosine 
triphosphate/potassium chloride/magnesium chloride 
solution was added. Again the muscle shortens and 
does 185 gm.cm./gm. of work in 84 min., which is a 
normal amount in this time. Then at arrow 4 a pre- 
incubated factor preparation (3 min. only) was added 
and lengthening sets in after a delay of 2 min.; 
100 gm.cm. of work is done on the muscle by the 
load in 13 min. 

All the experiments on addition of the factor and 
adenosine triphosphate to both model systems thus 
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elicit a lengthening effect. Shortening, if it occurs in 
the presence of the factor, is of short duration anc 
is followed by lengthening which, however, sets in 
without delay only if adenosine triphosphate is 
incubated with the factor for some minutes before 
addition to the system, thus indicating that time for 
the formation of the active substance or complex is 
needed. These results are therefore exactly com- 
parable to Marsh’s observations on breis, where 
addition of adenosine triphosphate to washed breis 
results in massive decrease of fibre-volume, but 
addition in the presence of an active muscle extract 
results in an increase of fibre-volume. The fibri 
model system, however, has great advantages over 
the brei system both in speed of reaction and ease of 
observation, and is far closer to the physiological 
system. 

Other outstanding similarities between the two 
systems are the effects of the addition of calcium ions 
in the presence of the factor and of lowering the 
ionic strength of the medium. 

Addition of calcium ions invariably inhibits 
increase of fibre-volume in the brei system and 
lengthening in the fibre-model system, and immedi- 
ately brings about a decrease in the former and 
shortening in the latter. 

Extraction of the factor at low ionic strengths (for 
example, extraction with 4 vol. water) results in its 
temporary inactivation both in the brei and the 
fibre-model systems. However, addition of potassium 
chloride to 0:05-0:16 M to such an extract re- 
activates it. 

It should be noted that the factor is inactivated 
by heating to 85° C. for 14 min., and by holding at 
pH 4-0 for 5 min., as Marsh found. Dialysis, how- 
ever, even for 48 hr. does not appear to result in loss 
of activity, at least with preparations at pH 6-80 
7-10. Moreover, recent work has indicated that the 
undialysed preparations can be stored at 0° C. 
without loss of activity for much longer periods than 
was at first thought. Preparations have been found 
active after at least a week’s storage. From these 
results it appears that the factor is a large non- 
dialysable molecule of protein nature, and is stable 
if stored under the conditions described. 

The probable existence of a controlling factor of 
the nature described was postulated by Englehardt* 
as being necessary in the living muscle to prevent 
access of adenosine triphosphate to the contractile 
sites during relaxation and rest. The Marsh factor 
would fulfil this role, as its marked inhibitory effect 
on shortening in the presence of adenosine triphos- 
phate and its lengthening effect on shortened muscle 
clearly show. In a full theory of contraction and 
relaxation in living muscle, however, the effect of the 
stimulus and of the subsequent action potential in 
evoking contraction would, in the light of these 
findings, have to be explained as at once an inhibition 
of the factor and an activation of the contractile sites. 

The work described in this paper was carried out 
as part of the programme of the Food Investigation 
Organization of the Department of Scientific and 
Industrial Research. [May 24. 


1 Marsh, Bb. B., Nature, 167, 1065 (1951). 

* Marsh, B. B., Biochem. et Biophys. Acta (in the press). 

* Bendall, J. R., J. Physiol., 114, 71 (1951). 

‘Marsh, B. B., and Snow, A., J. Sci. Food Agric., 1, 190 (1950). 

* Perry, 8. V., J. Gen. Physiol., 33, 563 (1950). 

° Szent-Gyoérgyi, A., Biol. Bull., 96, 140 (1949). 

7 Weber, A., and Weber, H. H., Biochem. et Biophys. Acta, 7, 339 (1951). 

* Englehardt, V. A., “Advances in Enzymology”, 6, 187 (Interscience 
Publishers, Inc., New York, 1946). 
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APPARENT ANGULAR SIZES OF 
DISCRETE RADIO SOURCES 


Observations at Jodrell Bank, Manchester 


r{J “HE existence of discrete sources of extra- 
l terrestrial radio-frequency radiation is now well 
established'* and the positions of more than one 
hundred sources have been published*-*. Attempts 
to identify these sources with any particular class of 
visual object have so far failed, and the origin of the 
radiation remains unexplained. One of the funda- 
mental requirements in the study of these sources is 
a knowledge of their apparent angular size, and al- 
though attempts to make this measurement have 
been made by several observers'-’, it has proved 
to be beyond the resolving power of their equipment. 
The present communication gives a preliminary 
account of a successful attempt to measure the 
angular size of the two most intense sources the 
positions® and intensities‘ of which are given in 
Table 1. 


(able 1. CO-ORDINATES AND INTENSITY OF THE TWO MOST INTENSE 
RADIO SOURCES 
oe ne ; sicliiapsnetesabanay 
; f : Intensity* 
Right Ascension Declination at 81 Me./s. | 
Source | epoch 1950 epoch 1950 | (watts/sq.m./ | 
c.p.8.) 
Cygnus | 19h. 57m. 45-3s.41s. | N40°35-0’41’ | 13-5>107% | 
(assio- - | 
peia | 23h. 21m. 12-0s.+1s. | N 58° 32-1°40-7’ | 22-0 x107*8 | 


* The intensity given is twice that observed in one plane of polariza- 
tion. 

The co-ordinates are those given by Smith (ref. 6), and the intensities 
ire those given by Ryle, Smith and Elsmore (ref. 4). 


Previous measurements have been made with 
interferometers. Bolton and Stanley', using an 
interferometer mounted on a cliff and operating 
in @ manner analogous to ‘Lloyd’s mirror’, have 
shown that the apparent size of the source in 
Cygnus is less than 8 minutes of arc. More recently, 
Stanley and Slee*, using a similar instrument, claim 
to have reduced this limit to 14 minutes of arc. Ryle 
and Smith*, using an instrument analogous to 
Michelson’s stellar interferometer and with a base- 
line of 500 metres, have shown that the source in 
Cassiopeia has an angular size of less than 6 minutes 
of arc. 

The resolving power of an interferometer depends 
primarily on the ratio of the wave-length to the 
base-line, and the limits quoted above 
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Fig. 1. Schematic diagram of the equipment 


ferometers to lengths of the order of 10-56 km., it 
was considered that for much longer base-lines the 
problem of maintaining an adequate stability of 
phase in the transmission of signals along the base- 
line would prove to be difficult. For this reason 
an interferometer of completely new design was 
developed. 

Fig. 1 shows a simplified block diagram of the 
instrument. Two aerial systems A, and A,, each 
with an aperture of 500 square metres, are connected 
to two independent superheterodyne receivers R, and 
R,. These receivers are both tuned to 125 Mc./s. 
and have a band-width of 200 ke./s. The inter- 
mediate frequency output of receiver R, is rectified 
in a square-law detector and is fed to a low-frequency 
filter the pass-band of which extends from 1 to 2 ke./s. 
The output from receiver R, is treated in an identical 
manner and the two low-frequency outputs are then 
multiplied together in a ‘correlator’ and their ‘cross- 
correlation coefficient’ is obtained. When a long 
base-line is used, one low-frequency output is trans- 
mitted over a radio-link by modulating a high- 
frequency carrier. The time of arrival of the two 
low-frequency outputs at the ‘correlator’ is equalized 
by inserting in one output a delay equal to the time 
of transmission along the base-line. It is essential 
that all the components should preserve the relative 
phase of the two low-frequency signals. In practice, 
this problem is considerably simpler than the corre- 
ponding one of preserving the relative phase of the 


























represented the best performance ob- Table 2, EXPERIMENTAL RESULTS 
tained with the instruments. These pence io hee. ee oe or ie == i as ae 
limits cannot be reduced significantly Base-line Cygnus | Cassiopeia | 
“i i : i ‘ . Angular Angular width 
without a corresponding extension of Length* Bearingt | Correlation width of Correlation of equivalent 
the base-line. (km.) coefficient equivalent coefficient strip 
te ; strip | 
In 1950 it was decided at Jodrell Serene ee ee ee ne ee 
Bank to attempt to measure the angu 1 0-30 349°5° = | 0-9940°19 <5’ 0:96+0-09 3’ 40°( <5’ 50”) 
lar size of the two sources shown B 2-16 113-0° | 0-3040-08 2’ 10744" | 0-0840-02 2’ 55°10" 
in ‘lable 1, or at least to reduce —— . a — 
: we eet ise — var aes C 2-16 235°5° 0-7940-08 1°00°+7" | <0-01 <3" 30” 
the upper limits given for their size. pace er 2 
It was assumed that this angular size D 3:99 177-0° 0-7940°07 0’ 34°48" | 


0-°07+0-01** 





might lie anywhere between the limit 
of a few minutes of arc and the 
diameter of the visible stars, and an 
instrument of the highest possible 
resolving power was therefore sought. 
While it appeared to be possible to ex- 
tend the base-lines of existing inter- 


base-line. 


base-line. 





* The value given is the actual distance between the two stations. The effective length 
of the base-line is calculated from the elevation of the source and the orientation of the 


t+ The bearing is measured east from north, and is the relative bearing of the base-line 
from the fixed station at Jodrell Bank. 


** This value is not taken into account in Fig. 3, since the other results indicate that 
the point may lie on a secondary maximum of the curve relating correlation coefficient to 
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from different base-lines. The value shown is the width of an 
equivalent rectangular strip of constant surface intensity 


radio-frequency signals in a conventional interfero- 
meter, and hence it should be easier to use the new 
type of instrument with long base-lines. 

In operation, the two aerials (A, and A,) are fixed 
in azimuth (due north or south) and at an elevation 
corresponding to the declination of the source. As 
the source transits the aerial beam, the increase in 
the mean square value of the two low-frequency 
outputs (c,* and ¢,*) is recorded together with their 
product (p¢,¢,). The value of the ‘cross-correlation’ 
coefficient’ (p) is then found from an analysis of the 
three records. 

The theory of the instrument is involved, and it 
will be given in detail elsewhere’. It can be shown 
that the value of the cross-correlation coefficient (9) 
is given by an expression similar to that for the visibil- 
ity of the fringes in a Michelson stellar interferometer : 


_ sin® (mab/A) a 
ui (mab/A)2 ” 


where « is the angular width of an equivalent rect- 
angular source of constant surface intensity; 6 is 
the effective length of the base-line ; and 2 is wave- 
length. 

Equation (1) shows that by a suitable choice of 
the base-line it is possible to obtain a value for the 
angular width of an equivalent rectangular source 
of constant surface intensity. The shape and angular 
width of the actual source, together with the 
distribution of brightness across its disk, can only 
be found from a large number of observations 
made with base-lines of different length and orienta- 
tion. 

A model of the instrument, built in 1950, was used 
to measure the apparent diameter of the sun at 
125 Mc./s. As the results of this test were satisfactory, 
a full-scale instrument was built in 1951, and this 
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has since been applied to the two sources shown 11 
Table 1. Measurements have so far been made on 
both sources with four different base-lines and t)\ 
results are given in Table 2. The length and orienta 
tion of the base-lines are given in the table, togeth 
with the observed values of the cross-correlation 
coefficient (p). The angular size of the equivalent 
rectangular strip has been calculated for each 
base-line and the results are also shown in 
Table 2. 

The interpretation of these results in terms of tlie 
precise actual size and shape of the sources must |e 
treated with caution, since the three extended bas 
lines differed in length; and until more results are 
available it is uncertain what effect variations in 
the length of the base-line may have on the equiv: 
lent angular size of the source. 

Figs. 2 and 3 show a plot of the measurements 
given in Table 2. Fig. 2 shows clearly that the 
source in Cygnus exhibits a pronounced asymmetry. 
The value of its equivalent angular size varies from 
35” to 2’ 10” of are with the orientation of the bas: 
line, and the major axis of the source appears to b 
inclined at an angle of between 90° and 120° to the 
celestial meridian. A preliminary analysis indicates 
that the results are incompatible with a source of 
simple elliptical shape and constant surface intensity, 
and that a more complicated model must be used. 
Further progress in this analysis must await more 
observations. The results in Fig. 3 suggest that the 
source in Cassiopeia is not markedly asymmetrical. 
The equivalent angular size of the source appear 
to be about of are. 

These preliminary measurements establish tw: 
major points. First, the apparent angular size of 
the two most intense radio sources is thousands of 
times greater than that of the visible stars and is 
of the order of a few minutes of are. Secondly, th: 
source in Cygnus exhibits a pronounced asymmetr) 


N 


asea 


ur 


| minute of are 


~? 


Fig. 3. Equivalent angular width of the source in Cassiopeia 
observed from different base-lines. The value shown is the width 
of an equivalent rectangular strip of constant surface intensity 
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it angular size, whereas 
the source in Cassiopeia 

ppears to be roughly sym- 
metrical. The measure- 
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Further observations are 
. " Output 
now being made with the 
a - . m I 
present apparatus using Si cas ; 
different base-lines, and 
the results will be pub Fig. 1. Simplified diagram of the interferometer 


lished later. 
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Industrial Research. We wish to thank Dr. R. Q. 
I'wiss for his assistance with the mathematical 
theory, and Prof. A. C. B. Lovell for making the 
necessary facilities available and for his interest in 
the investigation. One of us (R. H. B.) is indebted 
to Messrs. Imperial Chemical Industries for a fellow- 
ship, and one (M. K.D.G.) to the Government of 
India for a scholarship and to the Department of 
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grant. 
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Observations at Sydney 


The first observers of the discrete sources of 
cosmic noise were unable to determine their size, 
and many considered that they might be of stellar 
dimensions. However, recent observations have 
shown that a number of these apparently ‘point’ 
sources have angular extensions of the order of 
4° 1-3, Position measurements have also suggested 
that the stronger sources might be identified with 
nebule of an angular size ranging from half a 
minute to several minutes of arc*-+°, 

In order to check the hypothesis that the discrete 
source radiation originates in nebule rather than in 
individual stars, an interferometer with a lobe 
spacing as small as 1 minute of arc was considered 
necessary. At a frequency of 100 Mc./s., which is 
convenient because small low-gain aerials may be 
used, a Michelson-type interferometer requires an 
aerial separation of 10 km. to achieve this resolution. 
Such an interferometer was constructed using one 
small, easily portable aerial and one large fixed aerial. 
The signal from the portable aerial is transmitted 
back to the main receiver by a radio link. A sim- 


plified diagram of the equipment is shown in 
Fig. 

The local oscillator frequency must be transmitted 
together with the converted signal, as it is necessary 
to preserve the phase of the reconstituted signal at 
the receiving end of the link. Also a time-delay must 
be inserted in the signal-path from the fixed aerial to 
equalize the propagation times from each aerial to 
the mixing point. This time-delay is obtained with 
a mercury-filled acoustic delay line. Automatic gain 
controls are used to ensure equality of the signal- 
levels from each aerial and pre-amplifier system before 
they are combined in the receiver. The equipment 
has shown a variation in sensitivity of about 15 per 
cent over the period of six months that it has been 
in operation. 

Preliminary measurements have been made on the 
four most intense sources observable from Sydney 
with various aerial spacings in an east-west direction. 
With the range of aerial spacings used, the four 
sources show a reduction in the amplitude of their 
interference patterns as the aerial spacing is increased, 
indicating that all four sources have been resolved 
by the equipment. The effects of aerial separation 
on the amplitudes of the interference patterns are 


summarized in Table 1. 


Table 1 

— roe = 
Aerial spacing 0-29km. | 1-02km. | 5:35 km. 10-01 km. | 
Relative ampli- | 
tude of interfer- | | 
ence pattern for 
Cygnus AU 1 ] 0°3 0-05 
Taurus A 1 0°55 * * 
Vi irgo A | 0-4 * * 
Cc entaurus “a | ] 0°3 - 


*In these cases the amplitudes of the interference patterns were 
less than the noise fluctuations of the equipment and could not be 
observed. The relative amplitudes are less than 0-°1-0°2. 


The probable errors in the relative amplitudes are 
thought to be about 10 per cent. The errors will be 
discussed in detail elsewhere ; but it is worth mention- 
ing one potential source of error. This is phase 
instability in the equipment and propagation link. 
It was checked using 101 Mc./s. transmissions 
from a small transmitter, which were received 
by both aerials and compared in phase at the 
mixing point. The resulting error was found to be 
negligible. 

An inspection of the table reveals that the ampli- 
tudes of the Taurus A, Virgo A and Centaurus A 
sources are all significantly reduced with an aerial 
spacing of 1 km., whereas a spacing of 5 km. 
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is required to produce a comparable reduction 
in the amplitude of the Cygnus source. The first- 
mentioned sources are all, therefore, of similar size 
and approximately five times the size of 
Cygnus A. 

It has been shown that the amplitude and phase 
of the interference pattern produced by a source 
when observed with a given aerial spacing is related 
to the radio brightness distribution across the source 
by a Fourier transform® (the brightness being meas- 
ured as the integrated emission across a strip at 
right angles to the interferometer axis). Thus, if 
the amplitudes and phase angles are known at a 
sufficient number of spacings, the brightness distribu- 
tion may be obtained by Fourier synthesis. In the 
ease of an interferometer with an east-west axis as 
we have here, this synthesis is given by 


B; = | Aq cos (8% + wt) do, 


where B; is the brightness distribution in right 
ascension in arbitrary units, w denotes the pulsatance 
of the sinusoidal interference pattern, corresponding 
to the aerial spacing, and Aw and 6, the amplitude 
and phase of the pattern. 

The present interferometer cannot be easily 
adapted to measure phase, so that the true distribu- 
tion B; is not easily obtained. If, however, the 
distribution is assumed to be symmetrical, 0 is then 
zero and an ‘equivalent symmetrical distribution’ 
can be obtained. This equivalent distribution is 
merely the cosine transform of the amplitude 
pulsatance spectrum. 
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(5) Derived equivalent brightness distribution across Cygnus A 
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For the Cygnus source we have four points from 
which to determine this spectrum. In Fig. 2(a) these 
points are shown and a smooth curve is drawn 
through them. Because ofthe absence of observations 
in the region between 1 and 5 km., there is some uncer- 
tainty in the exact shape of the curve, but its general 
features are clear. The equivalent brightness distri}u- 
tion corresponding to this spectrum is shown in Tig, 
2(b). Because of the uncertainty in the spectrum, 
there is a corresponding uncertainty in the shape of 
this curve, particularly with regard to the skirts. 

In the case of the other sources, there are ot 
enough points to determine the spectra ; but, if the 
reasonable assumption is made that their brightness 
distributions are similar to that of Cygnus A, it is 
possible to estimate their sizes. Defining an ‘effectiv: 
size as the angle between half-brightness points on 
the equivalent distribution curve, we have the resuts 
of Table 2. 


Table 2 
Source Effective size (E—W ) 
(minutes of arc 
Cygnus A 1-1 
Taurus A | 4 
Virgo A 5 
Centaurus A | 6 


The size of the Centaurus source has been given 
previously as about 4°}. It has been shown, how- 
ever, that it consists of an extended source of 
nearly 2° in size with a strong concentration near 
its centre*. The size quoted in Table 2 is that of 
the central concentration. Measurements with very 
clase spacings have confirmed the interpretation in 
terms of two apparently quite distinct contri- 
butions. 

The four sources have been found to have positions 
very close to nebulz, and it is now found that their 
angular sizes are comparable with those of the nebul# 
in question. We may therefore say that the suggested 
identifications of the four sources concerned have been 
strengthened, almost to the point of certainty. The 
confirmation is particularly welcome in the case of 
Cygnus A, as when it was first pointed out that this 
nebula was near the radio position of the source’ 
it appeared to be a typical galaxy, too faint to be 
responsible for the radiation. Minkowski has now 
shown, however, that it has very peculiar features 
(personal communication). Taking these sources in 
conjunction with the others for which angular sizes 
have been obtained, there is now strong evidence 
that the discrete sources are largely, if not entirely, 
nebulez. Both galactic and extra-galactic nebul« 
have been identified. 

This work is continuing and will be described in 
more detail elsewhere. 


B. Y, Miuts 


Division of Radiophysics, 
Commonwealth Scientific and 
Industrial Research Organization, 
Australia. 


1 Mills, B. Y., Aust. J. Sci. Ree., A5, 266 (1952). 

* Mills, B. Y., Aust. J. Sci. Res., A5, 456 (1952). 

* Bolton, J. G., “Extended Sources of Galactic Noise’, 
Report (1952). 

* Bolton, J. G., Stanley, 


U.R.S.I. 


G. J., and Slee, O. B., Nature, 164, 101 (1949). 


* Mills, B. Y., and Thomas, A. B., Aust. J. Sci. Res., A4, 158 (1951). 


* McCready, L. L., Pawsey, J. L., and Payne-Scott, Ruby, Proc. Rov. 
Soc., A, 190, 357 (1947). 
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Observations at Cambridge 


At the recent meeting in Sydney of the International 
Union of Scientific Radio, reports were given of three 
separate experiments designed to measure the angular 
diameter of radio stars by the use of interferometers 
of large resolving power. Two of the experiments, 
hy Hanbury Brown and by Mills, have been extended 
and are the subject of the present communication. 
The third, carried out at Cambridge in the first half 
of this year, has been described elsewhere’ ; since a 
rather different range of apertures was used in this 
experiment, it is thought appropriate to describe 
the results briefly for comparison with the other 
accounts. 

It was first pointed out by McCready, Pawsey and 
Payne-Scott? that interferometer aerials could be 
used to determine the anguiar distribution of radio 
brightness’ across a source ‘of radio waves. They 
showed that this distribution could be resolved into 
Fourier components by the use of different aerial 
spacings. The application of this principle to the 
determination of the distribution of radio brightness 
across the sun has already been described*** ; it was 
shown that a determination of the complete variation 
of the amplitude of a recorded signal as the aerial 
spacing was changed allowed the radial distribution 
of a circular source to be derived. 

Similar observations have been made in an attempt 
to determine the distribution of brightness across the 
intense radio stars in the constellations of Cygnus 
and Cassiopeia. Owing to the smaller angular dia- 
meter of these sources, it was necessary to determine 
the amplitudes for the smaller spacings with con- 
siderable accuracy. It was not possible to determine 
the whole amplitude spacing curve with the maximum 
aerial separation available ; the fine structure in the 
distribution of radio brightness across the source 
could not, therefore, be determined. 

In these observations, which were made at a wave- 
length of 1-4 m., the phase-switching method of 
detection’ was used with aerials spaced along an 
east-west line up to distances of 400 wave-lengths. 
This method of detection allows the use of pre- 
amplifiers at the aerials and, therefore, enables large 
spacings to be used without difficulties due to the 
attenuation in the transmission lines. In order to 
avoid the necessity for long-term stabilization of the 
gain of a movable aerial system, a new system of 
observation was devised in which measurements were 
made of the ratio of the amplitudes of the records 
obtained with two different aerial spacings. These two 
spacings were obtained by using the movable aerial 
alternatively with two fixed aerials, and it was then 
no longer necessary for its gain to remain constant. 
Each observation then provides a measure of the 
ratio of two Fourier terms; although it was not 
possible to derive the separate Fourier components 
uniquely from the results of these experiments, a 
fair approximation to the actual curve of Fourier 
components could be derived. The results obtained 
by this method are therefore comparable with those 
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MEASURED RATIO OF FOURIER COMPONENTS 





Aerial spacing in Cygnus Cassiopeia 
wave-lengths j 
37 23 0-79 + 0°05 0-52 + 0-05 
131 330 0°83 + 0-62 0-70 + 0-02 } 
36 234 0-94 + 0-03 |; 0-84 + 0-02 | 
13 186 _ + 0°03 
75 124 _ 7 + 0-02 
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obtained in the two other methods; and although 
the present method cannot conveniently be used to 
make measurements at very great apertures, it has 
advantages for determining the Fourier terms related 
to the larger-scale structure of the brightness 
distribution. 

The results of the Cambridge observations on the 
radio stars in Cygnus and Cassiopeia are shown in 
the accompanying table. 

A possible interpretation in terms of Fourier 
components is shown in the diagram. 

The measurements are consistent with those to be 
expected from a uniformly bright disk of 3-5’ 
diameter for Cygnus, and 5-5’ diameter for Cassiopeia. 
The measurements at larger resolving powers reported 
at the Sydney meeting of the International Union 
of Scientific Radio by Hanbury Brown and by Mills 
showed that there is also some structure of smaller 
angular width, and that there might be some con- 
siderable departure from circular symmetry. It is 
of interest to compare these results with those 
that might be expected from the visible nebule 
which have been identified with those two radio 
stars (Baade and Minkowski, in course of publica- 
tion). 

The Cygnus nebula is extragalactic. It has a 
central concentration about }?’ of arc across, sur- 
rounded by a more diffuse region. The nebula is 
faint, so that it is difficult to estimate the extent 
of this region, but it is at least 2’ of are in 
diameter. 

The Cassiopeia nebula is a gaseous nebula in which 
the brightness is distributed unevenly over a roughly 
circular region about 5’ of arc in diameter. There are 
some particularly bright regions concentrated in an 
area extending 2’ of arc east-west and 1’ of arc 
north-south. 

It appears that the radio measurements are in 
good agreement with the brightness distributions 
which might be expected from these nebule ; this 
conclusion further strengthens the evidence for their 
identification with the two radio stars. 


F. G. Smrru 
Cavendish Laboratory, 
Cambridge. 


1 Smith, F. G., Proc. Phys. Soc., B., 65, 971 (1952). 

? McCready, L. L., Pawsey, J. L., and Payne-Scott, Ruby, Proc. Rey. 
Soc., A, 190, 357 (1947). 

3 Stanier, H. M., Nature, 165, 354 (1950). 

* Machin, K. E., Nature, 167, 889 (1951). 

5 Ryle, M., Proc. Roy. Soc., A,*211, 351 (1952). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Configuration of the Peptide Link and of 
Asparagine in Glycyl-L-Asparagine 


SrnceE the geometrical problem of protein structure 
is mainly that of the configuration of the polypeptide 
chains, the geometry of the peptide link itself is a 
matter of prime importance. However, very few 
crystal-structure data have yet been published from 
which precise dimensions of the peptide link may be 
derived. We have recently carried out a three- 
dimensional X-ray analysis of the structure of 
glycyl-L-asparagine which provides an additional 
source of these data. Our analysis also provides 
information concerning the molecular configuration 
of asparagine, an amino-acid the structure of which 
has recently been discussed in Nature by Steward 
and Thompson'. 

The crystal data for glycyl-L-asparagine are : 
density, 1-506 (by flotation); space group, P2,2,2, 
(orthorhombic); unit-cell dimensions, a = 4-81, 
b = 12-85 and c = 13-52 A.; number of molecules 
per unit cell, 4. The intensities of all observable 
copper Ka reflexions (more than a thousand) were 
estimated visually. These data were used to prepare 
a sharpened three-dimensional Patterson synthesis, 
from which, aided by application of the vector 
convergence method?*, we were able to deduce a 
satisfactory model for the molecule. Refinements 
of the thirty-nine positional parameters (excluding 
hydrogens) were made by using two- and three- 
dimensional Fourier synthesis and least squares 
methods. Most of the calculations were carried out 
with T.B.M. machines. The average standard error 
in the final parameters is 0-010 A. 

The molecule of glycyl-L-asparagine (see diagram) 
can be described most simply by reference to two 
planes approximately at right angles to each other. 
One plane contains the succinamic acid part. The 
other contains the five atoms of the peptide group ; 
the C—N bond to the amino-nitrogen atom points 
8° out of this plane. One carbon atom is common to 
both planes. As is found in other amino-acids and 


peptides, the molecule of glycyl-t-asparagine con- 
-NH,* and 


tains the charged groups Ccoo-. 





A drawing of the molecule of Pies canine viewed along 
the a-axis of the crystal. Bond-lengths are given in angstréms 
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The dimensions of the peptide (see diagram) agree, 
within the limits of error of the structure determina- 
tion, with those postulated by Pauling and Corey 
in their models of proteins. In particular, their 
assumption of planarity for the peptide group is sup- 
ported, since we find the average distance of the atoms 
from a plane to be 0-002 A. The ators of the aspar 
agine residue, excluding its «-amino-nitrogen atom, 
form a nearly planar extended chain. Thus, our 
structure does not conform to the cyclic structure 
proposed by Steward and Thompson! for free 
asparagine, and visualized by them as a possibility 
also when the molecule occupies the terminal posit ion 
at the carboxyl end of a peptide chain. 

There is a significant difference in the lengths of 
the C—O bonds of the carboxy] group. This difference 
is consistent with the distribution of hydrogen bonds ; 
the oxygen atom of the longer bond participates in 
three N—-H:"-O bonds, the other oxygen atom in 
only one. The carboxyl group is co-planar as ex- 
pected. The same is true of the terminal amide 
group, and its bond-lengths are close to those found 
in the peptide amide group. However, the bond- 
angles around the carbon atom of the terminal amide 
group are significantly different from the correspond- 
ing angles in the peptide amide group ; their magni- 
tudes are reminiscent of those reported for the 
molecule of acetamide’. 

Of the six possible hydrogen bonds, five are found 


_ to have satisfactory lengths (2-75-2-93 A.) and bond- 


angles. The sixth, which involves the amino-nitrogen 
atom, has a length of 2-99 A. but is open to question, 
because its angles with the other H-bonds deviate 
appreciably from the tetrahedral. 

We wish to thank Dr. John Leonard for the 
preparation of the glycyl-L-asparagine and for his 
assistance in reading the intensities. We are in- 
debted to Dr. Jerry Donohue for valuable discussions 
and for instruction in the I.B.M. computing tech- 
niques. 

Lewis Katz 
R. A. PASTERNAK 
ROBERT B. CorREY 
Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, 
Pasadena, California. 
Aug. 18. 
1 Steward, F. C., and Thompson, J. F., Nature, 169, 738 (1952). 
? Beevers, C. A., and Robertson, J. H., Acta Cryst., 3, 164 (1950). 
* Donohue, J., and Trueblood, K. N., Acta Cryst., 5, 414 (1952) 


‘ Pauling, L., and Corey, R. B., Proc. U.S. Nat. Acad. Sci., 37, 235 
(1951). 


* Senti, F., and Harker, D., J. Amer. Chem. Soc., 62, 2008 (1940). 


Behaviour of a Synthetic Polypeptide 
analogous to Protein Denaturation 


SomE observations made recently in this laboratory 
suggest a considerable resemblance, in certain respects, 
between poly pi-alanine and the soluble form of silk 
obtained from solution in cupriethylene diamine or 
lithium bromide solution!)*, 

Poly pu-alanine (degree of polymerization estimated 
from end-group analysis, about 500) is readily soluble 
in cold water, giving a mobile solution from which 
coherent films may be cast. The infra-red spectrum 
of these films (Fig. 1) shows a single C=O stretching 
mode at 1,662 cm.~!, the frequency corresponding to 
a folded polypeptide chain*. If the solution is heated, 
a gel quickly separates out ; this gel is not redissolved 
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(Infra-red spectra of dried poly pL-alanine films. (1) Cast from 
iqueous solution at room temperature; (2) cast from boiled 
iqueous solution (gel); (3) cast from gel dissolved in formic acid 


on cooling. <A gel is also formed if the solution is 
kept at room temperature for several weeks. The 
spectrum of the dried gel (Fig. 2) shows a distinct 
additional peak of 1,629 cm.-', corresponding to the 
frequency of an extended (8) polypeptide chain. The 
dried gel is soluble in formic acid, and the film cast 
from this solution is water-soluble and shows only 
the 1,662 cm.-? peak (Fig. 3); this shows that the 
polypeptide has been taken through a cycle back to 
its original condition. 

An alternative method of changing the water- 
soluble film to the insoluble form containing a pro- 
portion of extended chain is to roll it out. In this 
case, the $-material is oriented and measurements 
with polarized infra-red radiation confirm, from the 
type of dichroism observed, that the 1,629-cm.-! band 
is associated with an extended chain. 

Another point of interest was observed during 
experiments on the effect of deuteration on poly 
pL-alanine. It was found that the polymer goes 
much less readily into solution in D,O than in 
H,O. In view of the complication of the a-8 trans- 
formation, it is not certain at present what significance 
is to be given to this observation. 

It is evident that in poly pt-alanine the equilibrium 
between «- and $-forms is very nicely balanced, and 
the transition from one to the other is readily induced. 
\ similar state of affairs is known to exist in the 
soluble form of silk which in aqueous solution sets 
to a gel after some days, and which in the solid may 
be rendered insoluble by mechanical treatment!. 
Changes in the C=O band similar to those here 
reported accompany the insolubilization of silk’. 

Changes in synthetic polypeptides from «- to 6- 
forms have been described before*-*, but this is the 
first case in which the change can be brought about 
in aqueous solution, or by mechanical working at 
room temperature, earlier examples being produced 
by the action of formic acid, or by stretching in steam. 
It was an unexpected result that poly p1r-alanine 
dissolved in formic acid gives an «-film, for this 
reagent, in the case of several polypeptides, produces 
a change from «- to $-configuration. However, it is 
highly satisfactory that a synthetic polypeptide 
exists which is capable of changes which are so 
reminiscent of denaturation and renaturation of 
proteins. In this case, there is no complication of 
active side-chains which, in proteins, may complicate 
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the effect of various processes on solubility. The 
results speak strongly for the view*’? that an «—{ 
transformation is often involved in _ protein 
denaturation. 

It would be of great interest to know whether the 
a-8 change in poly pi-alanine ever goes to comple- 
tion, and, if not, why. It must be remembered that 
in a racemic chain there may be a@ succession of 
p- (or of L-) residues, whereas in other parts the order 
may be —p—L—D—L Such differences in the 
succession may be significant in a system like poly 
pL-alanine, and some parts of the chain may change 
over to the extended form more readily than others. 

I am greatly indebted to Mr. W. E. Hanby, Dr. 
S. G. Waley anc Dr. J. Watson for samples of poly 
pL-alanine, and to Mr. G. Ingram for the end-group 
analyses. 

A. ELLIOTT 

Courtaulds, Ltd., 

Maidenhead, 
Berks. 
Sept. 6. 
? Coleman, D., and Howitt, F. O., Proc. Roy. Soc., A, 190, 145 (1947). 
2? Ambrose, E. J., Samford, C. H., Elliott, A., and Hanby, W. E., 
Nature, 167, 264 (1951). 
2 Ambrose, E. J., and Elliott, A. Proc. Roy. Soe, A, 205, 47 (1951). 
‘Bamford C. H.. Hanby, W. E., and Happey, F., Proc. Roy. Soc., 
A, 206, 407 (1951); Nature, 164, 751 (1949). 
5 Bamford, C. H., Hanby, W. E., and Happey, F., Proc. Roy. Soc., 
A, 205, 30 (1951). 
* Astbury, W. T., Dickinson, 8., and Bailey, K., Biochem. J., 29, 
2351 (1935). 
7 Ambrose, E. J., and Elliott, A., Proc. Roy. Soc., A, 208, 75 (1951). 


The Hydrogen-Oxygen Reaction Sensitized 
by Nitrosyl Chloride 
In studies! of the explosions of mixtures of hydro- 
gen and oxygen sensitized by nitrogen peroxide and 
nitrosyl chloride, the following reactions have all 
been suggested as chain-initiating steps. 


NO, > NO +0 (1) 
NOC] + NO + Cl (2) 
NO + 0, ~ NO, + O (3) 


We have devised experiments which appear to 
give a direct demonstration that nitric oxide is 
concerned in generating centres. 

A cylindrical ‘Pyrex’ vessel was built with a 
‘multiple-entry’ tube centrally disposed (Fig. 1). 
The dead space, including the Bourdon spoon gauge, 
was made less than 6 per cent of the volume of the 
vessel by inserting the solid rod; at the same time 
the entry tap could be of wide bore. 

In the first series of experiments, comparisons were 
made at 360° C. between the behaviour of mixtures 
of nitrosyl chloride, hydrogen and oxygen made up 
(a) outside the vessel, and then admitted, and (6) with 
the nitrosyl chloride put into the reaction vessel for 
a definite time, and the premixed hydrogen and 
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Fig. 2. Variation of the induction period with pressure of nitrosy! 
chloride, for 120 mm. of hydrogen and 60 mm. of oxygen at 
360°C. Ignition between the limits, ----—; slow reaction 

outside the limits, - 


oxygen then run in to give the same total pressure 
as in (a), namely, 120 mm. of hydrogen and 60 mm. 
of oxygen. With method (a) the results previously 
reported were confirmed ; the existence of upper and 
lower sensitizer limits, and the trend of induction 
periods were as expected, as is shown in Fig. 2. 
With method (6b), however, the induction periods 
between admitting the hydrogen and oxygen and 
the onset of ignition were considerably shortened. 
Fig. 3 shows a typical set of results, and it will be 
noticed that the induction periods become zero with 
quite short times of decomposition of the nitrosyl 
chloride. 

In the second series of experiments, nitric oxide 
was put in the reaction vessel, and hydrogen and 
oxygen mixtures were run in, first without, and then 
with, traces of nitrosyl chloride, to give @ total 
pressure of hydrogen and oxygen of 180 mm. With 
nitric oxide in the vessel and no nitrosyl chloride 
with the reactants, instantaneous ignitions were 
observed with all the pressures.of nitric oxide used, 
from 0-25 mm. up to 10 mm. [If there is an upper 
sensitizer limit under these conditions, it is extremely 
high. However, when sufficient nitrosyl chloride was 
run in with the reactants, the ignitions were sup- 
pressed ; with smaller quantities of nitric oxide and 
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Fig. 3. Effect of partial decomposition of the nitrosyl chloride 
on the induction period of 0-5 mm. of nitrosyl chloride, 120 mm. 
of hydrogen, and 60 mm. of oxygen at 360° C. 
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] 
Run in with hydro- 
gen and oxygen 


| 


In reaction 
vessel at 360° C. Induction period 
0-25 mm. NO —_ 
050mm.NO | _ 

‘25 mm. NOCI 


| Instantaneous ignition 
| Instantaneous ignition 


0-25 mm. NO 0 17 sec. 
. |; 0°50 mm. NOC] 20 sec. 
~— | 050mm. NO 10 sec. 

0-50 mm. NO 0-50 mm. NOC! No ignition 


of nitrosyl chloride in the reactants, the induction 
periods reappeared before ignition. The accompany- 
ing table gives examples of these results. 

In considering the relation of these facts to previous 
work!, it is important to note that evidence |ias 
recently been obtained* that the rate of decomposition 
of nitrosyl chloride is much faster at temperatures 
above 300° C. than would be predicted from studios? 
of the decomposition at lower temperatures. 

The experiments establish that a reaction of nitric 
oxide, such as (3), is concerned with an initiation 
step in the reaction between hydrogen and oxygen 
sensitized by nitrosyl chloride, and that the chief 
function of nitrosyl chloride is as a chain terminator. 
They suggest that part of the induction period is the 
time required for the nitrosyl chloride to decompose, 
yielding nitric oxide. In these respects, nitric oxide 
and nitrosyl chloride appear to play a similar part 
in the hydrogen — oxygen — nitrosyl chloride and in 
the hydrogen — chlorine — nitrosyl chloride systems’. 

We wish to thank Prof. R. G. W. Norrish and 
Prof. F. S. Dainton for many helpful discussions. 

J. CHANMUGAM 
P. G. ASHMORE 
Department of Physical Chemistry, 
University of Cambridge. 
July 18. 


‘ Foord, 8. G., and Norrish, R. G. W., Proc. Roy. Soc., A, 152, |9% 
(1935). Griffiths, J. G. A., and Norrish, R. G. W., Proc. Roy 
Soc., A, 139, 147 (1933). Dainton, F. S., and Norrish, R. G. W., 
Proc. Roy. Soc., A, 177, 393, 411, 421 (1941). 

ad a G., and Tolman, R. C., J. Amer. Chem. Soc., 57, 689 
1935). 


* Chanmugam, J., thesis, University of Cambridge, and to be published. 


Determination of the Velocity of Burning 


In a recent paper by Linnet and Conan’, it is 
pointed out that the Schlieren cone is better suited 
for determining the velocity of burning than the 
luminous flame cone and the shadow cone. The 
Schlieren cone lies closer to the centre, as has been 
demonstrated by Broeze* and by others. Con- 
sequently, the deflexion of the outflowing gas through 
the combustion wave is considerably smaller at the 
Schlieren cone than at the luminous cone. Linnet 
and Conan justly remark that the cone at which the 
above-mentioned deflexion starts (which lies still 
deeper in the flame) is the most suitable for de- 
termining the velocity of burning. However, thes 
did not recognize such a cone. I suggest it can 
be made visible by a phase-contrast photograph’. In 
order to attain this, the diffraction images of the 
light source are not intercepted in the focal plane F 
(see Fig. 1), as is done when applying the Schlieren 
method. Instead, the central image of this light 
source is changed in phase by 90° with respect to 
the diffraction images. Zernike* developed this 
method for the microscope. Calculations by Zernike 
show that the phase-contrast image is identical in 
structure and intensity with the gradients of the 
refractive index in the object (that is, the flame zone). 
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Fig. 1. Optical system for photographing Schlieren or phase- 


contrast cones 
| Razor or phase strip. This must be placed exactly at J’, as 


otherwise the plane of image is not uniformly illuminated if there 
is no flame interposei 


By the Schlieren method, on the contrary, an image 
is obtained which does not give an absolutely correct 
representation of the object if there are steep 
gradients, owing to a relatively small contribution 
of diffraction images of higher order to the formation 
of the image. 

This is expressed by the fact that velocities of burn- 
ing determined with the Schlieren cone and those de- 
termined with the phase-contrast cone do not show 
the same values, as can be seen from Fig. 2. At the 
maximum velocity of burning (when the gradient is 
steepest) the divergence of the curves is greatest. 

As structurally the phase-contrast image is identical 
with the gradient in the object, the starting point 
f the flame zone must coincide with the starting 
point of the deflexion of the outflowing gas. In Fig. 3 
this is demonstrated by a photograph of the flame 
cone itself, taken together with a phase-contrast 
photo. A flow line (made visible by titanium chloride 
smoke) indicates the course of the outflowing gas. 

Consequently, we must determine the velocity of 
burning with the help of the inside of the phase- 
contrast cone. In order to eliminate disturbing 
influences from base and tip, it is desirable to apply 
nozzle flow and use the middle part of the cone. This 
middle part must, in this case, show a straight 
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(a) Phase-contrast photograph of a coal gas - air flame. 
(b) Phase-contrast cone together with luminous cone and stream 


Fig. 3. 


tube made visible by tianium chloride smoke. Deviation of 
stream tube starts at inside of phase-contrast cone 


mixtures are used and the outflow velocity is suffi- 
ciently high, this is always realizable. With mixtures 
having extreme mixing ratios, deviations are caused 
by diffusion normal to the flow tubes‘. Consequently, 
in this case we have to put up with a mean value 
over a certain length of cone. 

The frame front selected in this manner is the only 
one which, both in the application of the surface 
method and of the angle method, gives the same 
value of the velocity of burning. 

J. VAN STEENIS 

Central Laboratory of Staatsmijnen, 

Geleen, Holland. 
June 5. 

‘ Linnet, J. W., and Conan, H. R., Trans. Faraday Soc., 47, 931 (1951). 

* Broeze, J. J., 3rd Symposium on Combustion Flame and Explosion 
Phenomena, Baltimore, 1949, p. 146. 

* Zernike, F., Phys. Z., 36, 848 (1935); Z. tech. Phys., 16, 454 (1935); 
Physica, 1, 689 (1934); 9, 686, 974 (1942). Guenoche, H., 3rd 
World Petroleum Congress (1951), Sect. VII, p. 9, shows a phase- 
contrast flame photograph. 


‘Lewis, B., and von Elbe, G., “Combustion, Flame and Explosions 
of Gases’’, 238 (Acad. Press, New York, 1951). 


A Simple Paper Electrophoresis Apparatus 


ELECTROPHORESIS and ionophoresis on paper are 
being widely used, and a number of different forms 
of apparatus for carrying out this technique have 
already been described. The purpose of this com- 
munication is to give further details of an apparatus 
already briefly described', which has been used for a 
considerable time with satisfactory results. While we 
do not claim that it is superior to other types of 
apparatus, it has the advantage of simplicity, results 
are reproducible, and the movement of a given sub- 
stance varies linearly with time. The cross-section is 
shown in the accompanying diagram. The apparatus 
consists of a flat rectangular glass tray in which 
stands a closely fitting glass frame which carries the 
paper strip and rectangular ‘Perspex’ electrolyte 
boxes. The dimensions of the apparatus are not 
critical, but glass drip-trays from refrigerators are 
very convenient, the outside measurements being 
about 35 cm. X 20 cm. X 5 cm. The frame is con- 
structed of two rectangles of glass rod, mounted one 
over the other, and separated from each other by 
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Cross-section of paper electrophoresis apparatus 


abcut 1-5 cm. by means of sealed-on pieces of glass, 
or by pieces of cork at the corners. The frame stands 
on short legs to keep the paper away from the floor 
of the tray. Each electrode box has a hole drilled 
through the end about 1 cm. above the bottom. This 
enables electrolyte-levels in both boxes to be balanced 
prior to electrophoresis, and also permits old electro- 
lyte to be run out and replaced by fresh, should this 
be desired. 

The usual procedure is to soak the paper in electro- 
lyte, remove excess liquid by blotting, and drape 
through the frame as shown in the diagram. The whole 
apparatus is mounted level, and the levels of electro- 
lyte are not higher than that of the paper. The 
solution to be analysed is applied to the paper in 
the usual way’?. An organic liquid is now poured 
into the tray, so that the paper is covered. Glass 
pieces are placed in the electrolyte boxes to keep the 
paper from contact with the electrodes, and the whole 
tray may be covered with a glass lid. At the end of 
the experiment the frame with the paper is removed 
and dried. 

Voltage, current and other conditions are as already 
described'. It has not been usual to control the 
temperature, but if the heating effect is too high, 
the tray is stood in a larger tray carrying cooling 
water. The organic liquid acts as a cooler and pre- 
vents undesirable evaporation of electrolyte. Chloro- 
benzene has normally been used in the organic liquid, 
because its specific gravity is similar to that of wet 
paper, and so allows the strip to remain horizontal ; 
this helps to prevent secondary flow of electrolyte. 

For a voltage gradient of about 10 V./em. and with 
Whatman No. 1 paper, 2-3 hr. is normally sufficient 
for substances of moderately high mobilities ; but 
for slower-moving substances, for example, serum 
proteins, 4-5 hr. is required. The distance of migra- 
tion and also of electroendosmosis will, of course, 
vary with the type of paper. This is shown in the 
accompanying table, which gives the migration of 
human serum albumin in borate buffer, pH 8-6 at 
10-3 V./em. and average temperature 20°. Electro- 
endosmosis was measured by the movement of 


MIGRATION OF HUMAN SERUM ALBUMIN AND ELECTROENDOSMOSIS 
(cM./HR.) ON VARIOUS WHATMAN PAPERS IN BORATE BUFFER, pH 8-6 
AT 10-3 V./cem. aT 20° 





Whatman No. | Electroendosmosis | Migration of albumin 


] 9 3°2 

| 2 0-9 2-8 
| 3 0-9 3-4 
4 0-6 2°8 

5 0-4 2+] 

20 0-9 2°7 

42 0-7 2-4 

50 0-2 1°4* 

52 0-7 2-1 

5 0°38 2-4 

542 0-5 1 -6* 





* Not measurable accurately. These papers are unsuitable for serum 
proteins, 
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- creatinine from the origin. Migra- 
tion refers to the distance betwoen 
albumin and creatinine. All the 
papers listed were found to be 
suitable for simple substances sich 
as amino-acids and sugars, but 
some were not suitable for serum 
proteins, and these are indicated, 
The migration of other given 
substances on the different papers 
varies similarly to that of al- 
bumin. 

It is often desirable to carry out chromatography 
after the electrical separation in a direction at right- 
angles to that of ionophoresis!. The dimensions of 
the frame limit the length of paper available for 
chromatography, but an extra length can be obtained 
by folding a sheet of paper which is too long, so that 
it can be draped through the frame. An additignal 
advantage of the frame for chromatography is that 
it eliminates undesirable contamination of the paper 
by the hands. 

The choice of paper will be influenced by speed of 
migration and electroendosmosis (see table). Other 
considerations may limit the choice further. Thus, for 
quantitative work, a higher-grade paper than No. 
1 may be necessary (for example, No. 20), or where 
more material is to be handled, a thick paper such 
as No. 3. The latter has been used for the isolation 
of milligram quantities of carbohydrates after 
ionophoresis. For certain purposes the ratio of 
electroendosmosis to migration of a given substance 
should be small*, and papers Nos. 4, 5 and 50 have 
this property. In addition, the chromatographic 
properties of the paper will have to be taken into 
consideration, where two-dimensional separations are 
to be carried out, in view of the limits set by the 
apparatus on the length of paper available for 
chromatography. As is well known, a given sub- 
stance will move chromatographically at different 
speeds on different papers in a given solvent system. 
Movement is relatively fast on No. 4, and this paper 
is therefore not suitable for substances of high /?; 
value, unless a short period of development is em 
ployed. Movement on Nos. 1, 3 and 54 is similar, 
while on No. 20 it is somewhat slower, and on No. 42 
slower still. The latter is suitable for substances of 
high Ry value, and it also has the advantage of a 
high wet strength. 

One of us (W. M. 8.) is in receipt of a@ grant 
from the Medical Research Council. 

R. CoNSDEN 
WINIFRED M. STANIER 
Special Unit for Juvenile Rheumatism, 
Canadian Red Cross Memorial Hospital, 
Taplow, Maidenhead. Oct. 3. 
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? Consden, R., and Stanier, W. M., Nature, 169, 783 (1952). 
* Kunkel, H. G., and Tiselius, A., J. Gen. Physiol., 35, 89 (1951). 


Pectinase Technique for Isolating 
Plant Cells 


PLANT root meristems are a readily available 
source of mitotic cells which are ideal for cytological 
examination on account of their large size, high 
mitotic index and, in selected cases, small number of 
fairly large chromosomes. The root tip, in which the 
meristem is found, can be easily handled for experi- 
mental studies such as those on the uptake and 
distribution of phosphorus-32 relative to the mitotic 
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Fig. 1. A cell from the meristem of a lateral root of V. faba macer- 

ated in a living condition by pectinase. The cell was mounted in 

Tyrode solution diluted four times and photographed, unstained, 

in green light: final magnification, about 1,150. Note the dark 

nucleolus surrounded by a clear nuclear area and the presence 
of discrete granules in the cytoplasm 


Fig. 2. Meristematic cells of a lateral root of V. faba treated with 

the pectinase and then with hot acetic-carmine Photographed 

as for Fig. 1. Note the very dark nucleus and lack of discrete 
cytoplasmic particles 


Meristematic cells of a lateral root of V. faba treated for 
too long with the pectinase. Mounted in Tyrode solution and 
photographed as for Fig. 1. Note the dark nucleolus surrounded 
by a dark nuclear region ; some nuclei show a light perinucleolar 
halo, probably due to the middle zone (ref. 3) 


Fig. 3. 


cycle'; or it can be used as a concentrated source 
of cell components such as nuclei? or cytoplasmic 
granules’. In general, the cells are studied after they 
have been fixed and subjected to some technique 
designed to render them clearly visible with a micro- 
scope. Such methods include embedding and section- 
ing, or treatment with hot acid, either normal hydro- 
chloric or 45 per cent acetic, to weaken or remove 
the intercellular cement so that whole cells may be 
examined separately. Plant mitochondria, however, 
are extremely delicate and are destroyed by the fat 
solvents used in the process of embedding in paraffin 
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wax and by the acids employed to remove the inter- 
cellular cement. The destruction of the mitochondria 
allows material which, in life, is localized on these 
bodies to diffuse about the cell, giving rise to serious 
artefacts. Thus the diffusion of ascorbic acid on to 
the chromosomes following the breakdown of the 
mitochondria has been reported’, and it is likely 
that other acidic substances, if originally localized 
on cytoplasmic granules, could be similarly re- 
distributed’. 

It is therefore desirable to be able to examine the 
living cells. A method for doing this was described*® 
in 1949; the intercellular cement was removed by 
the action of a solution of a fungal pectinase. The 
technique required a period of treatment lasting three 
days, during which time it was difficult to keep the 
growth of micro-organisms to within suitable limits. 
The enzyme was obtained from Penicillium digitatum 
growth on bran. Different strains of the same fungus, 
and slight variations in the method of culture, were 
found to yield very different results when tested for 
maceration potency. It was clear that, while the 
technique was useful once the correct strain and 
culturing procedure were discovered, it could not 
obtain general acceptance until it was standardized 
with an enzyme preparation of constant composition 
which was universally obtainable. 

Recently, the Nutritional Biochemicals Corporation 
of Ohio, U.S.A., has produced a commercial pectinase 
powder which is generally available and which has 
now been tested on root tips with good results. 
It is essential to use the pectinase in the presence 
of peptone and to restrict its time of action. Thus 
the root meristem cells of lateral roots of Vicia faba 
were treated for 50-60 min. with a 10 per cent 
solution, by weight, of this enzyme powder dissolved 
in a 1 per cent aqueous solution of peptone (bacterio- 
logical) ; the cells separated very readily when the 
root was gently teased with a needle. After this 
treatment many clearly outlined cytoplasmic granules 
were observed; the nuclei were optically homo- 
geneous and contained well-defined nucleoli (Fig. 1). 
These cells were therefore very unlike root-tip 
cells viewed after the action of most standard 
techniques. 

These living cells could be used to study the 
various artefacts produced by fixation. Thus, when 
alcohol was added to such cells, an obvious hardening 
or coagulation of the cytoplasm was observed. Treat- 
ment with hot 45 per cent acetic acid, or acetic- 
carmine, destroyed the cytoplasmic granules and 
made the nuclei appear dense and inhomogeneous 
(Fig. 2). 

An artefact which in some ways resembled that 
observed after fixing with hot acetic-carmine was 
also seen after unduly long treatment with the enzyme 
solution. Thus, after two hours digestion, the large, 
clearly defined cytoplasmic granules had disappeared 
from all the meristematic cells and the nuclei were no 
longer optically homogeneous (Fig. 3). 

The need for peptone and the importance of the 
length of treatment not exceeding the optimum 
suggest that the enzyme preparation may have a 
potential effect besides that of hydrolysing the inter- 
cellular cement. It may be that an impurity, such as a 
proteolytic enzyme, is present for which the peptone 
acts as a substrate so that only after this peptone is 
destroyed: does the enzyme attack cell proteins. 

The particular value of the present technique lies 
in the production, within one hour of removing the 
root apex from the seedling, of a ‘squash’ type of 





1072 


preparation in which the cells are apparently alive 
and show the detailed cytoplasmic organization and 
nuclear optical homogeneity usually lost on fixation. 
That such a cytological preparation can now be pro- 
duced by the use of a commercial product which 
should not be very variable may allow the method 
to become of general application. 

I wish to acknowledge the encouragement and 
advice given me by Prof. J. T. Randall and by Dr. 
Honor B. Fell, and to record my debt to Mrs. U. J. 
Horne for her help in this work. The investigation 
has been aided by a grant from the British Empire 
Cancer Campaign. 

J. CHAYEN 
Wheatstone Physics Laboratory, 
King’s College, 
London, W.C.2. 
Aug. 11. 


* Howard, A., and Pelc, S. R., Ezp. Cell Res., 2, 
* Brown, R., Nature 168, 941 (1951). 

* Chayen, J., Symposia of the Soc. for Exp. Biol., 
*Chayen, J., Int. Rev. Cytol. (in the press). 

* Bell, L. G. E. (in preparation). 

*Chayen, J., Nature, 164, 930 (1949). 


178 (1950). 


6, 290 (1952). 


A New Pyrimidine Base from 
Bacteriophage Nucleic Acids 


THE pyrimidine cytosine! and its deoxynucleotide? 
have been reported as constituents of the deoxy- 
ribonucleic acids of coliphages T2 and 76 respectively, 
but in another analysis of 72° no cytosine could be 
found. We have now resolved this discrepancy by 
isolation from T-even bacteriophages of a new 
pyrimidine base, identified as 5-hydroxymethyl- 
cytosine, which was previously mistaken for cytosine 
or missed. A nucleotide has now also been isolated 
which gives rise to this base on hydrolysis‘. 

The nucleic acid bases liberated by hydrolysis of 
whole viruses or virus deoxyribonucleic acid were 
separated on paper chromatograms using isopro- 
panol — water — hydrochloric acid’ as the solvent. 
When formic acid (88 per cent at 175° C. for 30 min.) 
yas used for hydrolysis, a substance was obtained 
having the same Ry value in this system as cytosine 
but a slightly different ultra-violet absorption 
spectrum. Perchloric acid, which gives good yields 
of the other nucleic acid bases, largely destroys this 
substance. 

Its structure was suggested to us by its spectral 
and chromatographic characteristics. The ultra- 
violet absorption maxima were close to those of 
cytosine and 5-methylcytosine, having parallel shifts 
with change in pH : 





Wave-lengths of onalne, my 
0-1 N hydro- ‘1 N sodium 


chloric acid pH 7-4 _hydroxi le 
Cytosine 275 267 28) 
5-Methylcytosine 283 27 287 | 
Base from phage 279 269-5 283-5 





The relative positions of cytosine and the new 
substance on chromatograms were independent of the 
pH of the solvent, suggesting similar ionizable groups. 
The effect of the water content of the solvent on Ry 
values, however, illustrated in the accompanying 
graph, showed the relatively hydrophilic nature of 
the new base. 
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By treatment with nitrous acid, the base was 
deaminated to a product which was related in spectral 
and chromatographic properties to uracil in a similar 
way as the parent substance was to cytosine. 

These properties suggested 5- hydroxymethy leyto 
sine as a@ possible structure. A specimen of the base, 
isolated by a combination of chromatographic and 
chemical procedures from a large preparation of 7'6r+ 
bacteriophage (for which we are indebted to Dr. |J. 
Spizizen, of Sharp and Dohme, Inc.), had an elemen: 
ary comp: tition compatible with this structure 
(analyses afver drying in vacuo at room temperatur: 
calc. for C,;H,O,N;.4H,0: C, 40:00; H, 5-37; 
found: C, 40-23; H, 5-35 per cent. 
drying over phosphorus pentoxide at 100° C.: calc. 
for C;H,O.N;: N, 29-78; found: N, 29-33 per 
cent). A sample of 5-hydroxymethylcytosine, kindly 
synthesized for us by Dr. C. 8. Miller, of Sharp ani 
Dohme, Inc., had ultra-violet spectra and chromat 
graphic behaviour identical with those of the natura! 
substance. On heating, both natural and synthetic 
products decomposed without melting. We con- 
yn that the base found in the 7-even =e 

5-hydroxymethylcytosine. 

By hydrolysis of whole viruses in formic acid, the 
followi ing analyses were obtained : 


Moles per 100 moles total nucleotide 
H ydroxy- Base 
Adenine Thymine Guanine methyl- recovery 
vtosine P 
r? 2 - l7-y 13-6 191 
7'4rt 2-7 7a 18-1 13°5 O-91 
T6r* 32 6 17°83 13°3 )-92 


Neither cytosine, 5-methylcytosine, nor uracil could 
be detected. The values for 5-hydroxymethy]- 
cytosine are based on the extinction coefficient in 
0-1 .N hydrochloric acid (E = 9,700); they may be 
subject to correction for loss in hydrolysis. Repeated 
analyses of the r and r+ mutants of T2, 74 and 76 
phages did not indicate any significant differences 
in composition of the deoxyribonucleic acid. 

Careful examination of deoxyribonucleic acid from 
thymus and from £. coli and whole dried E. coli failed 
to reveal any of the new pyrimidine in these materials, 
and it appears that it may be @ unique virus con- 
stituent. This would then provide the first demonstra- 
tion of a virus containing a chemical unit qualitatively 
different from those of its host. 


Analyses after 
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These results will be reported more fully elsewhere. 
[his work was done while one of us (S. 8. C.) was in 
receipt of a grant from the Commonwealth Fund. 
G. R. Wyatr 
Laboratory of Insect Pathology, 
Sault Ste. Marie, Ontario. 
S. 8S. CoHEn 
Department of Pediatrics, 
Children’s Hospital of Philadelphia, 
and 
Department of Physiological Chemistry, 
University of Pennsylvania, 
Philadelphia. Sept. 3. 
‘Smith, J. D., and Wyatt, G. R., Biochem. J., 49. 144 (1951). 
* Weed, L. L., and Cohen. 8. 8., J. Biol. Chem., 192, 693 (1951). 
* Marshak, A.. Proc. U.S. Nat. Acad. Sci., 37, 299 (1951). 
* Weed, L. L. (personal communication). 
5 Wyatt, G. R., Biochem. J.. 48, 484 (1951). 


Cytoplasmic Polyhedral Virus Diseases 


In the literature on the polyhedral virus diseases of 
insects, apart from the many nuclear polyhedroses 
of the fat-body (and cuticular tissues), only one case 
of a nuclear polyhedrosis of the gut and one cyto- 
plasmic polyhedrosis of the fat-body have been 
described. Previously, no cytoplasmic polyhedrosis 
of the gut has been reported. 

Several different cytoplasmic polyhedroses of the 
gut have now been found, and cross-infection to 
other species established with them. For example, 
cytoplasmic gut polyhedroses have been obtained on 
infecting Vanessa io larve with the polyhedra of 
Rhypara purpurata. The silkworm, Bombyx mori, 
develops similar polyhedroses on infection with the 
polyhedra of R. purpurata, Arctia villica, or the cyto- 
plasmic gut polyhedra of Sphinx ligustri. Such poly- 
hedroses have also been obtained in Lymantria 
dispar and Aglais urtice, etc. It has been established 
that villica polyhedra give rise to a gut cytoplasmic 
polyhedrosis in their host species, A. villica. It is 
suspected, though not demonstrated, that this is also 
the case with purpurata virus in its natural host. 

In all these cases, as with others, the cytoplasmic 
gut polyhedra have been found to be blue-staining 
with methylene blue even after only a very light heat 
treatment of gut smears. Nuclear polyhedra do not 
stain after such treatment. It has been previously 
established! that villica and purpurata polyhedra 
show an absence of membrane and virus rods when 
examined under the electron microscope after being 
treated with weak alkali. The same is true for 
purpurata polyhedra in the silkworm, and for the 
naturally occurring cytoplasmic gut polyhedrosis 
of the privet hawk (S. ligustri), the only ones of 
those mentioned so far examined?. All polyhedra 
of this type which have been examined showed the 
‘honey-comb’ structure described by Smith and 
Wyckoff!. 

Provisionally, then, it can be suggested that two 
distinct types of polyhedral diseases exist. The poly- 
hedra from nuclear polyhedroses do not stain with 
methylene blue, are readily soluble in alkali, and 
possess membranes. The polyhedra from cytoplasmic 
polyhedroses are readily stainable with methylene 
blue, are less readily soluble in alkali, are without 
membranes and leave a pitted ‘honey-comb’ structure 
after alkali treatment. 

It is hoped that further research will establish 
the conditions favouring the development of one or 
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other type of polyhedrosis, and whether under 
appropriate conditions a given polyhedral virus may 
give rise to a polyhedrosis in a different cytological 
and histological site from its original one. 
N. XEROS 
Plant Virus Research Unit 
(Agricultural Research Council), 
Molteno Institute, 
Cambridge. 
Oct. 16. 


1Smith, Kenneth M., and Wyckoff, R. W. G., Nature, 166, 861 (1950). 
* Smith, Kenneth M., Wyckoff, R. W. G., and Xeroe, N. (in the press). 


Tainting of Tobacco by a 
Dichloropropene—Dichloropropane Soil 
Fumigant 


OnE of the most serious pests of tobacco in Southern 
Rhodesia is the eelworm, Heterodera marioni. Con- 
trol of this organism is effected by injecting the soil. 
by means of a plunger-type injector, with ethylene 
dibromide or a dichloropropene-dichloropropane mix- 
ture. During the 1951—52 growing season, it has been 
estimated that the latter fumigant has produced 
‘off-odours’ in approximately five per cent of the 
tobacco crop. These odours first become apparent 
during the curing process, and persist through all 
subsequent stages of processing. Impurities in the 
fumigant mixture have been shown to be responsible 
for this tainting and have been isolated and charac- 
terized by the methods described below. 

Green tobacco leaf was extracted twice successively 
with its own weight of ether, the combined extracts 
filtered and the ether distilled off. The residue was 
extracted with ethanol and chromatographed on 
aluminium oxide, using ethanol to develop the 
column. Spectrophotometrie examination of the 
primary colourless eluate, collected before any pig- 
ment bands had passed through the column, showed 
that the tainted tobacco contained material absorb- 
ing in the deep ultra-violet that was not present in 
untainted leaf. 

Fractionation of the primary eluate yielded two 
components, boiling at 69° (fraction F) and at 148° 
(fraction X). Comparison of the spectrophotometric 
absorption curves, boiling points, refractive indices 
and the melting points of the S-alkylisothiourea 
picrate derivatives (prepared according to Brown 
and Campbell'), together with mixed melting point 
determinations, have led to the identification of these 
two fractions with two of the components of the soil 
fumigant mixture, fraction F being tentatively 
identified as 2: 2-dichloropropane and fraction X 
as 1:2: 3-trichloropropane. 

The concentration of the contaminating sub- 
stances in the green tobacco leaf was found to be 
approximately nine parts per million. No such 
compounds could be isolated from untainted tobacco. 

Paper chromatography of the leaf pigments, using 
methanol — hydrochloric acid - water (50 : 25 : 25) 
and ethanol-— acetic acid (98:2) as the solvents. 
followed by elution of the separated pigment spots 
and their spectrophotometric examination, showed 
differences between tainted and normal leaf, several 
of the pigments from the tainted leaf exhibiting a 
shift of absorption maxima towards the red end of 
the spectrum. 

It is thought that certain of the components of 
the soil fumigant mixture may be entering into the 





1074 


biogenesis of the leaf pigments, in place of their 
normal precursors. 

The precise environmental conditions necessary to 
produce tainting and the effect of such tainting on 
the metabolism of the tobacco plant are, as yet, 
unknown. The problem is receiving further attention 
and the work will be published in more detail 
elsewhere. 

C. J. SHEPHERD 
Tobacco Pest Control Research Scheme, 
Salisbury, 
Southern Rhodesia. 
Aug. 20. 


' Brown and Campbell, J. Chem. Soc., 1699 (1937). 


A Growth Interaction between 
8-Indolylacetic Acid and Thiourea 
(Thiocarbamide) 

Ix experiments designed to explain the activities 
of 3-indolylacetonitrile recently isolated by Jones, 
Henbest, Smith and Bentley! from brussels sprouts, 
Osborne? has shown evidence for synergism between 
this compound and heteroauxin (8-indolylacetic acid). 
The experiments were carried out on pea tissue, 
and the degree of curvature of split pea cotyledons 
measured in accordance with the standard Went pea 
curvature test*. 

Experiments carried out in this department show 
that thiourea also can interact synergistically with 
8-indolylacetic acid when both are applied simult- 
aneously in aqueous solutions to germinating Avena 
sativa seedlings. The effects are shown in root-growth 
following a 48-hr. treatment and during subsequent 
shoot-growth following defoliation (100 plants per 
treatment). 

The concentration of thiourea was of the same 
order as that tested by Amlong‘, namely, 2,000 mgm. 
litre, and that for 8-indolylacetic acid of the order of 


50 mgm./litre. Table 1 shows the effect on root- 
length following the 2-day treatment. 
Table 1. LENGTH OF LONGEST ROOT (MEAN LENGTH (CM.)) 
Distilled water 2-6 
Thiourea 2-1 
B-Indolylacetic acid 0°38 
Thiourea and #-indolylacetic acid 0-5 


The inhibitory effects are greater in the case of 
treatment with §-indolylacetic acid than those with 
thiourea ; but both treatments when compared with 
the controls treated with distilled water are statistic- 
ally very significant. When both treatments are 
applied simultaneously the inhibition is greater than 
when the treatments are applied independently. This 
interaction proved to be highly significant, its 
variance ratio (fF) having a probability less than 0-001. 

Following this initial treatment, the seedlings were 
transferred to sand watered with a complete nutrient 
solution. Nine days after planting, the seedlings were 
defoliated, the region of defoliation being approxim- 
ately 1'cm. above the growing-point. Table 2 shows 





Table 2. MEAN SHOOT HEIGHT PER TREATMENT ((M.) 
Nov. 6 | 
Distilled water 5 | 5-4 
Thiourea 1°6 39 | 446 63 | 
B-Indolylacetic acid 1°5 29 | 46 5-5 
Thiourea and #-indolyl- | 
acetic acid 1-9 4-7 5-2 71 
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the effect on shoot-height for the first month of the 
regeneration period. 

The interaction effects are statistically significant 
on October 16 and October 30, while on October 23 
and November 6 both thiourea and 8-indolylace: ic 
acid, acting independently, produce differences wh: 
are also statistically significant. The increased rai 
of regeneration from both treatments are reflect 
in the dry-weight estimations of the shoots and lea 
shown in Table 3, although the interaction effect fa:|s 
to reach significance. 


aie F 


va 


Table 3. MEAN DRY-WEIGHT PER PLANT (GM.) 
Distilled water 0-59 
Thiourea ; 0-71 
B-Indolylacetic acid ' 0-66 
Thiourea and #-indolylacetic acid 0-80 


Both thiourea and §-indolylacetic acid, acting inde- 
pendently, produce dry-weight increases which a 
significant. 

Work of a fundamental nature similar to tha 
carried out with auxins has not been attempted on 
large scale with thiourea. It appears, however, fro 
the work of Denny® that in the potato this substan 
stimulates a greater number of buds to develop fro 
a single eye, and prevents the apical buds fro» 
inhibiting the growth of the basal buds. If it is 
assumed that this apical dominance is caused by 
auxin, then it appears that thiourea can destroy its 
action, or even prevent its formation. “The above 
experiment, however, indicates that thiourea can 
react in a way different from this. When applied 
simultaneously with §-indolylacetic acid to germ 
inating Avena seedlings, a greater inhibition of earl, 
root-growth, and a greater regeneration of shoot 
growth after defoliation, is produced than that which 
is obtained when both substances act independent], 
of each other. Thus, there is some evidence for 
synergism between these compounds in their effects 
on early growth of Avena seedlings. 

D. Wynn Parry 
Department of Agricultural Botany, 
University College of North Wales, 
Bangor. 
Sept. 29. 


* Jones, E. R. H., Henbest, H. B., and Bentley, J. A 
Nature, 169, 485 (1952). 

* Osborne, D. J., Nature, 170, 210 (1952). 

* Went, F. W., Proc. Kon. Acad. Wet. Amsterdam, 37, 547 (1934). 

‘Amlong, H. U., Biel. Abst., 18, 2 (1944). 

*Denny, F. E., Bot. Gaz., 81. 297 (1926). 


Smith, G. F., 


Determination of Urinary 
Corticosteroids 


A MAJOR difficulty in the estimation of urinary 
corticosteroids arises from their destruction under 
conditions necessary for the complete hydrolysis of 
steroid conjugates. Extraction of corticosteroids 
from non-hydrolysed or partly hydrolysed urine 
yields only a small fraction of the amount released 
by enzymatic hydrolysis with $-glucuronidase!. The 
existing procedures have been authoritatively dis- 
cussed and their inadequacy pointed out by Marrian’. 

As reported elsewhere*, 17-hydroxylated cortico 
steroids of types I, II and III (see table) yield 
17-ketosteroids on oxidation with sodium bismuthate. 
The application of this finding to the oxidation in 
situ of urinary corticosteroids has now been studied 
with the object of converting steroids bearing any 
of the three side-chains I-III into a group of sub 
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| | estimated before and after addition of various 
Seidiataets B rw Ssiaalt ae V8. steroids. The results (see table) clearly show that 
added to | Type of steroids ketogenic steroids steroids bearing the side-chains I-III significantly 
urine side-chain (mgm./l.) (mgm. /1.) increase the estimated 17-ketogenic steroids, while 
a ee | Found* Found® | Expected their effect on the 17-ketosteroid values is negligible. 
= Sy ee ; , , —— | The amount of urinary corticosteroids estimated by 
ae | : ee | | the bismuthate method is of a much higher order 
cortico- | 20 co ()| O08 | 49 | 8 It | than that estimated by the usual procedures, and is 
ens 117 dou | | only comparable with the amount of formaldehydo- 
Boa | genic steroids released by enzymatic hydrolysis. It 
CH,OH | should, however, be emphasized that determinations 
17a ; 268 : 21- nee ar | of formaldehydogenic, reducing and 17-ketogenic 
Lo tl 1 ee Bn Oe Ae | steroids estimate different, though overlapping, 
3-one Kr | groups of corticosteroids’. : 
ee The present method is well suited for routine 
er | estimations. A more detailed account of this work 
ha 230: Oe CHOH (IID 0-5 6-0 s-2+ | will be published elsewhere. 
pregnan-1i- | | I am greatly indebted to Dr. H. F. West for his 
oad x interest in this work. My thanks are also due to 
Mr. R. D. Stubbs for valuable technical assistance. 
la : 17a-Di- + hae 6-44 Specimens of steroids were kindly provided by 
hydroxy ee ee 2-3 O-4 ‘ Messrs. British Schering, Ltd., and N.V. Organon 
11 20-dione COH ni (Oss). 
JN J. K. NoRYMBERSKI 
Dehydroepi- CO V) 9-3 0-3 0 Rheumatism Research Unit, 


androsteron¢ 

*Colour equivalent after correction for non-specific absorption 
ref. 8) in terms of mgm. dehydroepiandrosterone as standard ; the 
figures represent averages of four to seven estimations. 

+ Assuming quantitative conversion to a 17-ketosteroid and colour 
equivalency with dehydroepiandrosterone. 

? Assuming no oxidation occurred 
stances (17-ketosteroids) more resistant to acid 
hydrolysis and assayable by well-established methods. 
The difference between 17-ketosteroids found before 
and after oxidation of urine affords a 
17-ketogenic steroids’ which represent an important 
group of corticosteroids. That certain urinary cortico- 
steroids may be determined by their conversion into 
17-ketosteroids has been previously shown by Talbot 
and Eitingon‘. These workers used periodic acid as 
oxidizing agent, the oxidation being preceded by 
isolation of the steroid conjugates, their mild hydro- 
lysis, and separation of the non-ketonic fraction from 
the hydrolysate. 

The procedure for the direct oxidation of urine 
with sodium bismuthate is simple and rapid: 10 ml. 
urine and 10 ml. glacial acetic acid are mixed and 
shaken for 4 hr. with 2 gm. sodium bismuthate, the 
mixture is centrifuged and a suitable aliquot of the 
supernatant diluted with an equal volume of water ; 
the subsequent hydrolysis, extraction and determina- 
tion of 17-ketosteroids can be carried out by any of the 
numerous existing methods. In the present investiga- 
tion the procedure of Drekter et al.5 has been adopted 


for hydrolysis and extraction, and a modification® of 


the Callow—-Zimmermann reaction’ for the colori- 
metric estimation. The 17-ketosteroid content of 
untreated urine is estimated concurrently. 

By the method outlined above, the urines of two 
normal males were found to contain, respectively, 
7-0 and 7-6 mgm. of 17-ketogenic steroids in 24-hr. 
specimens. The value found for the urine of a rheum- 
atic patient following administration of 300 mgm. 
cortisone acetate was 125 mgm. per 24 hr. ; the latter 
urine, when adjusted to pH 1 and extracted with 
chloroform, yielded only 2-5 mgm. of formaldehydo- 
genic steroids per 24 hr. 

In a series of experiments the 17-ketosteroids and 
the 17-ketogenic steroids of a urine specimen were 


measure of 


Nether Edge Hospital, 
Sheffield 11. 
July 28. 

? Cohen, 8. L., J. Biol. Chem., 192, 147 (1951). Cox, R. I., and Marrian, 
G. F., Biochem. J., 48, xxxiii (1951). Kinsella, R. A., Doisy, 
R. J., and Glick, J. H., Fed. Proc., 9, 190 (1950). 

* Marrian, G. F., J. Endocrinol., 7, xix (1951). 

* Brooks, C. J. W., and Norymberski, J. K., Chem. and Indust., 804 
(1952). 

‘Talbot, N. B., and Eitingon, 1. V., J. Biol. Chem., 154, 605 (1944). 

* Drekter, I J., Heisler, A., Scism, G. R., Stern, S., Pearson, S., and 
McGavack, T. H., J. Clin. Endocrinol., 12, 55 (1952). 

* Zygmuntowicz, A. 8., Wood, M., Christo, E., and Talbot, N. B., 
J. Clin. Endocrinol., 11, 578 (1951). 

’ Callow, N. H., Callow, R. K., and Emmens, (. W., Biochem. J., 32, 
1312 (1938). 

®*Cf. M.R.C. Committee on Clinical Endocrinology, Lancet, 261, 585 
(1951). 


Irradiation of Linear High Polymers 

A VARIETY of polymers have been subjected to 
irradiation in the Harwell pile, and electrons from a 
Van de Graaff generator, the results being followed 
mainly by X-ray diffraction. The initial effect is to 
break down bonds, some ionic, the majority covalent. 
The radicals formed can react in a number of ways. 
In the presence of oxygen they can form low-mole- 
cular weight compounds and carboxyl end-groups ; 
different end-groups and low-molecular weight com- 
pounds can be formed in the absence of oxygen ; 
they can reform the original bonds; or they can 
recombine in other ways. 

The proportions in which these reactions occur 
depend on three main factors : 

(a) Presence or absence of air or other reacting 
medium. Two examples may be quoted to illustrate 
this. Many workers with the electron microscope 
have noticed that thin films or small particles of 
polymeric material are ‘stabilized’ by beams of 
moderate intensity, becoming more resistant to the 
effects of both heat and their normal solvents. In 
the process specimens often darken. In the present 
work, samples have been exposed to electrons in the 
presence of air, and quickly broken down. In vacuum, 
reactions between the free ends have resulted in the 
formation of covalent or dipolar bonds to produce 
a polymer of greater stability ; while in air, inter- 
action with oxygen has resulted in a loss of radicals 
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as volatile compounds. It has been noted that, even 
after considerable breakdown, X-ray diffraction 
frequently gives the characteristic patterns of the 
original polymer; while in one instance—nucleic 
acid—a product which presented a black and charred 
appearance was analysed chemically and showed 
remarkably little evidence of drastic breakdown. 
The second example is that of polyethylene. On pile 
irradiation the surface rapidly becomes sticky, but 
polyethylene containing carbon black does not 
produce this oxidation reaction for several days, since 
oxygen reacts more readily with carbon. 

(6) Intensity of irradiation. When allowance is 
made for the heating effect of the electron beams, 
differences between the effects of the pile and the 
Van de Graaff generator can be interpreted as 
differences of degree rather than of kind. Similarly, 
with a single type of irradiation, in certain instances, 
it appears that a different dose-rate can produce 
somewhat different effects. 

(c) Chemical nature of the polymers. Effects 
noticed after irradiation, and the rate and type of 
breakdown, can to a large extent be correlated with 
chemical groups within the polymers and with the 
nature of the crystallites which are present, and the 
polymers can be classified accordingly. In general, 
the factors considered by Hill and Walker! in their 
work on the relation between polymer constitution 
and the ability to assume a polycrystalline form with 
adequate thermal stability apply in this case also. 
Polymers which on irradiation retain their strength 
the longest are those which are able to form a ‘close- 
packed’ type of crystallite—linear high polymers 
without side-chains—the crystallites being more 
resistant to breakdown by radiation than the non- 
crystalline regions. 

When exposed in the presence of air, the non- 
crystalline regions in fibres of polyamides or poly- 
ethylene eventually become fluid, with the solid 
crystallites (as shown by sharp reflexions in X-ray 
diffraction patterns) remaining in the viscous medium. 
In the absence of air, the effect on the non-crystalline 
regions is different. In many instances an initial 
increase in strength has been reported?. It may be 
assumed that the free radicals recombine to form 
more stable groupings, possibly with bridges between 
one chain and another, and possibly with linkages 
of a different ionic character. Infra-red and thermal 
measurements will be necessary to estimate the 
relative impcrtance of these. Almost certainly the 
formation of unsaturated rings is an important factor 
in preventing the rapid break-down that might be 
expected from the total energy received. Polystyrene 
is more resistant to irradiation than polyethylene’, 
and polyethylene terephthalate than the aliphatic 
polyesters. Similarly, the purine and pyrimidine 
groups in the nucleic acids seem able to protect the 
sugar portion of the molecule. In the case of poly- 
ethylene terephthalate, with oxygen atoms in the 
main chains, further condensation would be difficult, 
and the polymer is observed to become brittle at 
quite an early stage. : 

With long-chain polymers containing aliphatic 
rings, diffraction results indicate that the crystalline 
regions break down almost as readily as the non- 
crystalline—the diffraction rings become diffuse before 
the specimens have lost their strength. However, 
physical properties such as solubilities and melting 
points are affected in a similar manner to other 
polymers. In this group are cotton-wool and the 


various cellulose derivatives, and also collagen. 
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those containing atoms or radicals which are read |, 
and permanently lost, as, for example, those attach 
by an ester link—loss of the acetate radical causes 
cellulose acetate to break down more rapidly than 
viscose. 

Naturally occurring complex polymers are mo 
difficult to classify than the synthetic polymers i), 
that more than one effect may be operative. Thus 
the basic portion of the nucleic acid molecule conta::s 
both a stable ring system and the readily detacha})|c 
amide groups. In this polymer it is possible to account 
for the decreased solubility which is observed wit}, 
out postulating carbon-containing bridges. 

This work is to be published more fully elsewh« 

IT wish to thank the firms or individuals who hi: 
provided samples of polymers, Dr. P. Kent | 
the Biochemistry Department, Oxford, for analy~is 
of nucleic acids, and the Director of the Atomic 
Energy Research Establishment for permission 
publish this communication. 


K. Lrrru 
Atomic Energy Research Establishment, 
Harwell, 
Didcot, Berks. 
Oct. 3. 


' Hill, K., and Walker, E. E., J. Polymer Sci., 3, 609 (1948). 
? Sisman, O., and Bopp, C. D., ORNL 928 (1951). 


Small-Angle X-Ray Scattering 


THE large lattice spacings occurring in such organic 
matter as fibres or crystalline viruses give rise to 
X-ray diffraction patterns with Bragg angles of 
minutes of arc rather than of degrees. The neigh- 
bourhood of the direct beam is, however, for a variet\ 
of reasons, easily obscured by scattered radiation 
and insufficient collimation, so that special measures 
such as very long film-specimen distances! or focusing 
crystal monochromators? have been used for obtain- 
ing satisfactory photographs. In particular, Furnas’ 
has recently made an important contribution to the 
latter method. 

We have now succeeded in obtaining, comparative!s 
rapidly, clear photographs of small-angle patterns. 
by making use of a concave mirror in combination with 
a fine-focus X-ray tube**. A bent optical flat forms 
an image of the foreshortened X-ray focus (5p x 50 u) 
on a photographic film. The specimen is placed in the 
convergent beam in front of the film. Slits near thie 
X-ray tube and near the specimen minimize unwanted 
radiation: the widths and positions of the slits are 
critical. Beyond about 20’ from the origin, the 
resolution is determined by the size of the focus and 
the specimen-to-film distance. Nearer the origin. 
stray radiation, mainly from the reflector, tends to 
obscure the pattern. The stray radiation depends on 
the dimensicns of the components of the camera. A 
reduction ir the width of this radiation is accompanied 
by a decrease in the intensity of the main beam. The 
effect of air scattering and incoherent scattering from 
the specimwn is negligible, because the reflector is s«t 
near the critical angle of the characteristic radiation 

| employed and thus hard radiation is suppressed. 

' The photographs shown herewith are produced 
with copper K radiation and a camera with mirror 
4 cm. long, focus-to-film distance 30 cm. and specimen- 
to-film distance 5 cm. With this camera a spacing 
of 350 A. can normally be detected (Fig. a), the first 
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diffraction 
(a) Collagen from kangaroo tail tendon, 3 hr. exposure at 50 


Enlargements of low-angle X-ray re >) I 


450 vamp. The repeat distance is 640 A.; the second order (17’ 
defiexion) is clearly visible. (b) Collagen from stained rat tail, 
30 min. exposure at 50 kV., 450 wA. The first order (8-5’ deflexion) 
is visible and corresponds to a spacing of 640 A. (¢) Tobacco 
mosaic virus gel, 3 hr. exposure at 50 kV., 450 vamp. The lines 
nearest to the origin (41° deflexion) correspond to a spacing of 

130A 


few orders appearing within 30 min. With favour- 
able specimens such as collagen stained with phospho 
tungstic acid, the range of visibility goes up to twice 
this figure, because the exposure times are short, the 
first few orders appearing within 5 min. Fig. b is 
not fully representative, as it has been obtained with 
the width of the slit near the specimen below its 
optimum value. This increases the first-order 
visibility somewhat and the exposure-time by about 
a factor 3. 
W. E®BRENBERG 
A. FRANKS 
Birkbeck College 
(University of London), 
Malet Street, 
London, W.C.1. 
Aug. 28. 


Bear, J., J. Amer. Chem. Soc., 66, 1297 (1944). 
Guinier, A., and Fournet, G., C.R. Acad. Sci., Paris, 226, 656 (1948). 
Furnas, T. C., “The Development of Focusing X-ray Cameras for 
Use at Small Diffraction Angles’’ (Mass. Inst. Tech. thesis, 1952). 
‘Ehrenberg, W., J. Opt. Soc. Amer., 39, 741 (1949). 
Ehrenberg, W., and Spear, W. E., Proc. Phys. Soc., B, 64, 67 (1951). 


Behaviour of Atmospheric Pressure 
Systems 


A METHOD for studying the behaviour of atmo- 
spheric pressure systems has lately been developed 
at the local weather bureau at Pretoria. The general 
method, which can be applied in a number of different 
ways, can best be explained by a concrete example. 

The departures (at a fixed hour) of daily pressure 
from the appropriate means were tabulated for 10-deg. 
grid points and expressed as percentages of the 
respective standard deviations. A grid point P, at 
80° W., 50°N., was selected, and whenever the 
departure exceeded the standard deviation and formed 
a point of inflexion, the departure being greater than 
on the day before and on the day after, the date was 
written down. This occurred on 380 days during a 
period of ten years, 1929-38. The mean pressure 
for these 380 days was computed at P and at a 
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large number of neighbouring grid points. The 
resulting mean isobars reveal an extremely simple 
pattern, since at all points sufficiently remote from 
P, the mean departure of pressure is practically zero. 

The behaviour of this simplified isobaric pattern 
with the passage of time can now be readily studied. 
If one day be added to all the listed dates and the 
average pressure found for the new set of 380 dates, 
we obtain a chart of the mean isobars 24 hr. later. 

In order further to simplify the picture of what 
actually happens, the pressures are shown graphically 
only for the 50th parallel north. Curve A was drawn 
to fit the original pressures as computed and shown 
in the accompanying figure. Curves B and C represent 
the distribution after one and two days respectively, 
the units of pressure used being quite arbitrary. 
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As one would expect, the isobaric pattern moves 
from west to east due to the prevailing westerlies. 
In this case careful calculation indicates a displace- 
ment of 10-7 deg. or 413 nautical miles in 24 hr., 
equivalent to a speed of 17-2 knots, in close agree- 
ment with the known rate of travel of pressure 
systems. 

The curves presented here show several other 
features, only one of which need be discussed at 
the moment. When the temperature distribution 
curves in a conducting rod, resulting from an 
instantaneous point source of heat, are graphically 
represented after fixed intervals of time, they show 
@ striking similarity with curves A, B and C, except 
that the latter are displaced eastwards with the 
passage of time. It would therefore appear to be 
quite legitimate to introduce the concept of the 
‘diffusion of atmospheric pressure’, and it should not 
be impossible to derive the laws of pressure diffusion 
even though they are bound to be appreciably more 
omplicated than the analogous law of diffusion of 
heat. If these laws are reasonably well known, they 
could be applied to determine to a first approximation 
to-morrow’s pressure at any point on the basis of 
to-day’s pressure distribution. The preparation of 
prebaratic charts, as currently drawn at most fore- 
casting centres, should thus be facilitated. 

Research on the lines indicated is being continued 
at Pretoria and the results will be published in due 
course. 

T. ScHUMANN 
(Director) 
Department of Transport. 
Weather Bureau, 
Pretoria. 
June 5. 
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Apparent Absence of Low-Energy Primary 
Cosmic Radiation 


Tre form of the energy spectrum of primary 
cosmic rays is still uncertain at the low-energy end. 
The work of Carmichael and Dymond! and of Bowen, 
Millikan and Neher? suggested that there was a lower 
limit at about 2,000 MeV., but this has not been 
confirmed by Pomerantz’, who has come to the con- 
clusion that the spectrum continues down to low 
energies. The matter is of importance owing to its 
cosmological implications. If the existence of a cut-off 
in the spectrum be established, some mechanism 
must be found either for removing the slower particles 
as they travel through space, or for their initial 
acceleration with a sharp low-energy limit. The 
suggestion of Janossy that a solar magnetic dipole 
field might be responsible is not now supported by 
the astronomical evidence. 

In a recent communication, Van Allen and Singer! 
have reaffirmed the existence of a lower limit in the 
energy spectrum, placing it at about 500 MeV. They 
have compared the vertical intensity of the radiation 
above the atmosphere, as measured in rockets at 
geomagnetic latitude 58°, with that determined by 
Pomerantz in balloon flights at 69°. The equality 
of the two intensities thus found leads to the con- 
clusion that there are no primary protons in the 
range 130-560 MeV. It is reasonable to assume also 
that there are no protons below 130 MeV. 

Some doubt must always arise about results drawn 
from comparisons of absolute intensities measured by 
different counter systems, owing to the difficulty of 
determining accurately the absolute flux from the 
observed counting rates and counter dimensions. But 
Pomerentz and McClure’ have recently published 
some observations made with identical counter tele- 
scopes at 52° and 69°, so that the difficulty of com- 
parison does not arise. They find that the hard 
component increases by a factor of about 1-4 near 
the top of the atmosphere between these two latitudes. 
This observaticn can be interpreted as showing a 
sharp cut-off in the energy spectrum. This spectrum 
has been reasonably well established in the region 
of higher energies by measurements at lower latitudes’. 
Using this and assuming the usual cos‘) relation 
between minimum particle momentum in the vertical 
direction and geomagnetic latitude 4, we can calculate 
the expected latitude farther north. We find that 
the intensity should rise by a factor 1-35 between 
52° and 56°. As this is close to the factor found by 
Pomerantz and McClure between 52° and 69°, we 
conclude that the intensity must remain constant above 
about 56°, in approximate agreement with thg state- 
ment of Van Allen and Singer. The argument is 
unaffected by the fact that Pomerantz and McClure 
have made their measurements on the hard component 
only, as the minimum proton energy required to 
penetrate the 7-5 em. of lead absorber in their 
counter telescope is 260 MeV., which is well below 
the cut-off energy of the primary spectrum which 
their observations reveal. 

The precise energy at which cut-off occurs must 
await more extended- observations, particularly in 
the interesting region between 50° and 60°. One 
difficulty in fixing this energy-limit arises from the 
geomagnetic field itself. It is usual to calculate geo- 
magnetic latitudes from geographical position by 
assuming that the field is that of a centred dipole, 
with axis pole at 78-5° N., 69° W. That this assump- 
tion is insufficiently accurate is shown by the exist- 
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ence of the longitude effect. A better approximati 
is given by an eccentric dipole, with axis cutting 
the earth’s surface at 80-1° N., 82-7° W. For some 
stations the difference in geomagnetic latitude is not 
trivial, so the cut-off momentum, which varies ax 
the fourth power of 4, is quite sensitive to the assum 
position of the pole. For Edinburgh, for example, t/ 
minimum proton energy is 460 or 730 MeV., depen: 
ing on the approximation used. A further elemei: 
of doubt is introduced by our ignorance of how +), 
dipole field behaves in relation to the known sec: 
magnetic variations. It has been calculated only tf»: 
the epoch 1922. More exact information on ¢ 
terrestrial dipole field is required before cosmic 1a 
data on energy limits can be accurately interpret: 
E. G. Dymonn 
Department of Natural Philosophy, 
University of Edinburgh. 
Sept. 16. 
* Carmichael, H., 
(1939). 
jowen, I. 8., Millikan 
(1938). 

* Pomerantz, M. A., Phys. Rer., 77, 830 (1950). 
‘Van Allen, J. A., and Singer, 8. F., Nature, 170, 62 (1952). 
> Pomerantz, M. A., and McClure, J. W., Phys. Rer. 86, 536 (1952 
* Kaplan, M. F., e¢ al., Phys. Rer., 85, 295 (1952). 
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Cross-polarization of the Radar Melting- 
Band 


WHEN plane-polarized radiation is scattered by 
meteorological precipitation particles other than 
spheres, a component of the back-scattered energy is 
polarized at right-angles to the plane of polarization 
of the incident wave. This component will be referre«| 
to as the ‘cross-polarized’ component in this com 
munication. Recent observations at Cambridge ani! 
Malvern have shown that the melting particles foun: 
just below the freezing-level, which give rise to thi 
well-known radar ‘melting-band"!, produce back 
scattered radiation with a greater cross-polarized 
component than that given by the rain below anid 
the snow above the freezing-level. These observations 
have been made using separate aerials for trans 
mission and reception, by comparing the echo r 
ceived when the aerials have their planes of polariza 
tion parallel with that received when the plane of 
polarization for reception is at right-angles to tha: 
for transmission. 

A wave-length of 3-2 cm. was used at the Cavendis! 
Laboratory and a wave-length in the 8-mm. bani 
was used at the Telecommunications Researc!: 
Establishment, Malvern. Let J, denote the echo 
intensity measured with parallel planes of polariza 
tion and I, that measured with crossed planes of 
polarization ; then Table 1 summarizes values of th» 
ratio J,/I, measured on several occasions at the 
two wave-lengths. Measurements were made of the 
intensity not only of the melting band echo, but also 
of the echoes from the rain below the freezing-leve! 


and the snow above. 
Table 1. RATIOS OF THE INTENSITIES OF THE MAIN COWPONENT T) 
THE CROSS-POLARIZED COMPONENT 


T/T, 
Wave-length — - 
(em Rain 


Melting region 


| 


Snow 
12+2 db. 
19-9+0°-6 db. 





0-8 | 15+1 db. 7+1 db. 
3-2 | 21-8+0-4 db. 16-9 +0°3 db. 











5 


No 


WI 
polar 
is rec 
ire Pp 

Be 
freez 
abou 

Th 
but | 
mtro 
vreat 
supp 
of th 

Th 
the ¢ 
by rn 
back 
than 
of se 
great 
than 
cent! 
inary 
indie 
of th 
60 dl 
while 
Thus 
negli: 
pone 

Se 
direc 
are t 
drops 
in th 
sider 
ponel 
spher 
thous 
ing (i 
into 
ellips 
usual 
the t 
Stone 
netiz 
the 1 
comp 
duce 
tion 
parti 
the 1 
pone! 
70) i 
flake: 
some 
of tl 
It is 
scatt 
are 


lable 











December 20, 1952 


When the transmitting and receiving planes of 

larization are crossed, the maximum echo intensity 
s received from the same range as when the planes 
ire parallel. 

Because the from the the 
freezing-level are weak, there is some uncertainty 
about the figures in the last column in Table 1. 

The ratio J,/Z, in Table 1 for rain is not reliable, 
but probably indicates that the aerial system used 
introduced a cross-polarized component almost as 
vreat as that measured for rain. This suggestion is 
supported by direct measurements made at Malvern 
of the characteristics of the 8-mm. aerial. 

The results might be explained in two ways. First, 
the cross-polarized component might be introduced 
by multiple scattering, in which the energy arriving 
back at the receiver has undergone scattering by more 
than one precipitation particle. Although the ratio 
of secondary to primary scattered field should be 
greater by about 12 db. for the melting-band echo 
than for the rain echo, because of the greater con- 
centration of particles in the melting region, prelim- 
inary calculations for a wave-length of 8 mm. have 
indicated that the secondary scattered field for rain 
of the appropriate precipitation-rate will be about 
60 db. less intense than the primary scattered field, 
while the tertiary scattering will be even weaker. 
Thus the secondary scattered field can give only a 
negligible contribution to the cross-polarized com- 
ponent measured in the echo. 

Secondly, the cross-polarized component might be 
directly introduced by the scattering particles. There 
are three types of particle to be considered : rain 
drops, dry snowflakes, and the wet snowflakes found 
in the melting region. Raindrops, which can be con 
sidered as spheres, ingroduce no cross-polarized com 
ponent?. The cross-;.olarization introduced by non- 
spherical particles has not been worked out in detail, 
though Cabannes* has investigated Rayleigh scatter 
ing (in which only the induced electric dipole is taken 
into account) by randomly orientated isotropic 
ellipsoids, the principal polarizabilities of which will 
usually be unequal. Maxwell‘ gives an expression for 
the three principal polarizabilities of an ellipsoid, and 
Stoner® has used this expression to compute ‘demag- 
netization factors’ for ellipsoids of revolution. From 
the work of Cabannes and Stoner, it is simple to 
compute the cross-polarization that would be intro 
duced by ellipsoids of revolution. The cross-polariza- 
tion increases with the dielectric constant of the 
particle, so that, if snowflakes be regarded as spheroids, 
the theory predicts a greater cross-polarized com- 
ponent from the wet snowflakes (of dielectric constant 
70) in the melting region than from the dry snow- 
flakes (of dielectric constant 3) above. Table 2 shows 
some values of J,/I, for several values of m, the ratio 
of the lengths of the polar and equatorial axes. 
It is hoped to extend these calculations to include 
scattering by spheroids which, like falling snowflakes, 
are not randomly orientated. 
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echoes snow above 


PREDICTED RATIOS OF THE MAIN COMPONENT TO TRE 


CROSS-POLARIZED COMPONENT 


Table 2. 


m I,/1s I,/T: 
(melting snow) (dry snow) 
0-10 10°2 db. 14-7 db. 
0°33 14-6 db 18:2 db. 
0 67 18-5 db 25°8 db. 
1-00 «© db @ db. 
1-50 16°0 db 24-6 db. 
3-00 9-6 db 18-2 db. 
10-0 5°8 db. 15-2 db. 
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If this explanation be correct, it follows that the 
particles in the melting-region must preserve their 
non-spherical shape until melting is almost com- 
pleted. 

These observations of a strong cross-polarized 
component in the melting-band have considerable 
meteorological interest in that they indicate a 
method of detecting the presence and, perhaps, 
determining the shape, of small quantities of ice in 
rain-clouds. On occasions, a melting-band which 
could not be detected by a conventional radar has 
been revealed by using one of the radars described 
here, in which the plane of polarization for reception 
was perpendicular to that for transmission. 

Acknowledgment is made by one of us (N. P. R. 
to the Chief Scientist, Ministry of Supply, for per 
mission to publish this communication, and by the 
other (I. C. B.) to the Master and Fellows of Trinity 
College for the award of a Twisden Studentship. 

[an C. BROWNE 
Cavendish Laboratory, Cambridge. 
N. ae 
Telecommunications Research Establishment 
(Ministry of Supply), 
Great Malvern, Worcs. 
Sept. 12. 
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Delayed Brittle Fracture of Alloy Steel 
at Low Stress Leveis 


THE recent publication by Petch and Stables? 
dealing with the delayed fracture of metals under 
static load has been read with interest. Work of a 
similar nature, to investigate the liability of an alloy 
steel to crack in the heat-affected zone when it is 
metal-are welded under certain conditions, has been 
in progress in the laboratories of the British Welding 
Research Association since December 1951. 

The effects which occur in the heat-affected zone 
of a weld have been imitated, so far as possible, in 
mechanical test pieces. The specimens were tubular 
in form with screwed ends and a gauge-length of 
0-2 in. Each specimen was notched circumferentially 
to a depth of 0-019 in. The notch had a 45° included 
angle and a 0-005-in. root radius. The area of cross- 
section under the notch was 1/50 sq. in. and the wall 
thickness was 0-039 in. 

The treatment of the specimens comprised super- 
saturation with hydrogen, rapid heating to a peak 
temperature in the region of 1,250° C. followed by 
cooling at selected welding-rates. The specimens were 
then examined by each of the following tests : 
(a) impact tensile test, at a velocity of impact of 
22 ft. per sec. ; (b) slow tensile test, at a strain-rate of 
0-1 in. per min.; (c) dead-load tensile test, giving 
rupture after a period varying from 1 min. to several 
hours. 

Some results of these tests on a low-alloy steel 
containing 0-19 per cent carbon, 1-3 per cent man- 
ganese and 0-25 per cent molybdenum are given in 
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Impact ten- | Slow ten- | sile test: stress 























Condition of sile test : sile test: | just producing 
specimen energy to U.T.S. rupture (over 
fracture (tons per notched area) | 
| | (ft. Tb.) sq. in.) (tons per sq. in.) | 
| 1. As-rolied | 42 | 496 | 47 
| 2. Untreated, high | | | 
cooling-rate } 8-1 } 2a | 93 
simulated | 
3. Hydrogen-treated, | 
high cooling-rate | 6-7 63 | 27 | 
simulated 
| 4. Hydrogen-treated, | } | 
| low cooling-rate 4-7 } 64 57 | 


simulated | 





the accompanying table. The results show the 
increased influence of hydrogen on the strength as the 
rate of straining is decreased; Petch and Stables 
observed a corresponding effect on ductility. The 
results are mainly for duplicate test¢. 

These results give a better understanding of the 
factors affecting the formation of brittle hard-zone 
cracks during the welding of this type of alloy steel. 
We have observed that cracks occur in welding this 
steel only when relatively high hydrogen contents 
and high cooling-rates occur in the weld zone to- 
gether’, that is, condition 3 in the table. This observa- 
tion is based on tests made on a structure, in addition 
to laboratory tests. 

The impact tensile test results do not show any 
deterioration in properties in any of the conditions 
2, 3 or 4 when compared with the as-rolled plate 
material (condition 1). Therefore, formation of hard- 
zone cracks is not related to this property of the steel. 
In this rapid test there is probably no time for the 
diffusion of hydrogen to take place during testing 
and so to cause embrittlement. 

The slow tensile test is also quite rapid, and the 
time available for the diffusion of hydrogen is limited. 
The strength of the material is, however, zeduced 
considerably by the presence of hydrogen, as shown 
by a comparison of conditions 2 and 3. Similar tests 
with specimen of condition 3 on un-notched specimens 
gave a value of reduction in area of only 5 per cent, 
which indicates that considerable embrittlement is 
produced in the steel in this condition. In spite of 
this reduction in ductility, the slow-tensile strength 
in condition 3 is greater than that of the as-rolled 
material, and, therefore, this property also is not a 
direct index of the tendency to form hard-zone 
cracks. 

The dead-load test gives a good indication of the 
liability to crack formation, since brittle cracks might 
be expected only when the minimum rupture stress 
of the heat-affected zone falls below that of the back- 
ground plate material, namely, 47 tons per sq. in., 
which occurs in condition 3, combined also with the 
low reduction of area of 5 per cent mentioned above. 
With this condition, the fracture produced is com- 
pletely brittle, and there is ample time for diffusion 
of hydrogen to occur during the test. 

C. L. M. CoTrrRELu 
British Welding Research Association, 
29 Park Crescent, 
London, W.1. 
Sept. 30. 


! Petch, N. J., and Stables, P., Nature, 169, 842 (1952). 
2 Cottrell, C. L. M., Jackson, M. D., and Purchas, J. G., Welding 
Research, 6, 50 (1952). 
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Edmond About and the Technique of 
Freezing and Drying Tissues 


In Nature of September 27, p. 547, Dr. L. G. F. 
Bell asks for the source of Edmond About’s informa 
tion on the technique of the preservation of tissues 
described in 1862 in About’s scientific novel ‘““L’>homm:: 
& Voreille cassée’’. The material that I am actuylly 
collecting for the purpose of writing the history, wh}, 
covers nearly a century, of the Marine Laboratory: 
Concarneau, enables me, I believe, to reply. 

Coste created this Laboratory in 1858 for the pur 
pose of “‘la mise en culture des mers”’. In 1873, afte: 
his death, the work was continued by Charles Robi: 
and Georges Pouchet, interesting scientifie person 
alities who had strong links with the literary world 

Robin (1821-85) was professor of histology in th 
Faculty of Medicine in Paris, holding a chair create! 
for him ; he was a member of the Institut de Franc: 
and of the Senate. The Goncourts have described him 
as ‘‘au cerveau tout & la fois nuageux et plein d’éclairs, 
et & la langue brouillée”. He had been taken by Littré 
to the lectures of August Comte, had become a positi\ 
ist and published with Littré the “‘Dictionnaire de 
Médecine”, which ran to many editions. Robin 
carried out a considerable amount of work, chiefly in 
anatomy and cellular physiology. He had a number 
of followers, one of the more celebrated of whom 
was without doubt Clemenceau, who dedicated his 
thesis to him. His influence made its mark on a 
number of writers, as did that of Pouchet, of whom 
it was said that he was the scientific consultant of 
one literary generation. 
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Robin practised medicine at Mérimée ; he docu- 


mented Michelet’s ‘‘L’oiseau’’, ‘‘L’insecte’’ and ‘‘La 
mer’; he was the friend of Taine and Sainte-Beuve, 
who like him had studied medicine at first. During 
these years, Sainte-Beuve, Robin and Pouchet met each 
week at Princess Mathilde’s house, and then dined 
at Magny’s, where they were frequently joined by 
Flaubert (he stayed with Pouchet oné summer at 
the Concarneau Laboratory), the brothers Goncourt. 
Viollet-le-Duc, Théophile Gautier, Berthelot, Renan 
and many others. The ‘Journal’ of the Goncourts 
is strewn with table-talk of Robin. 

Among the convivial figures was Edmond About, 
who could thus have heard about topics which Robin 
was familiar with, such as the desiccation and the 
revival of the guinea worm which Robin studied 
in 1855, or the echo of discussions on the Tardigrades 
between Doyére and Pouchet’s father, who was a 
partisan of spontaneous generation and against 
Pasteur. Further, the source of About’s information 
is apparent: one of the principal characters of 
“L’homme & l’oreille cassée”’ is Dr. Nibor, an anagram 
of Robin, and they resembled each other. Also, the 
novel did not please Clemenceau, who criticized 
it. Another novel by About, “Le nez d’un notaire’’, 
is one story of van Helmont as recounted by Robin. 

Further information can be found from the follow- 
ing works: G. Pouchet, “Charles Robin, sa vie et 
son ceuvre’, p. 195 (Paris, 1887); V. Genty, 
“Un grand biologiste, Charles Robin; sa vie, ses 
amitiés philosophiques et littéraires’’ (Lyon, 1931) : 
and, concerning Pouchet, in C. Chassé, ‘“Le biologiste 
consultant d’une génération littéraire: Georges 
Pouchet (1833-1894), La Grande Revue, 28, 295 
(1924). 

R. LEGENDRE 
Laboratoire maritime du Collége de France, 
Concarneau, Finistére. 
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FORTHCOMING EVENTS 


Monday, December 22 


ROYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
3.W.7), at 8.15 p.m.—Mr. Eric Shipton: ‘‘Expedition to Cho-Oyu’’. 


Saturday, December 27 


(OYAL [INSTITUTION (at 21 Albemarle Street, London, W.1), at 3 p.m. 

or. F. Sherwood Taylor: ‘‘How Science has Grown’. (Christmas 
Jectures adapted to a Juvenile Auditory.) (Further Lectures on 
December 30, January 1, 3, 6 and 8.) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

EXPERIMENTAL OFFICERS and ASSISTANT EXPERIMENTAL OFFICERS 
in various Government Departments, for posts in (a4) mathematical 
and physical sciences, (b) chemistry and metallurgy, (c) biological 
sciences (biological research and infestation control), (d) engineering 
subjects. and (¢) miscellaneous, including geology, library and tech- 
nical inforn.ation services—The Civil Service Commissior, Scientific 
Branch, Trinidad House, Old Burlington Street, London, W.1, quoting 
$.94-095/52 (December 31). 

LECTURER IN CLINICAL PATHOLOGY at the University Veterinary 
Laboratories, Langford—The Registrar and Secretary, The Univer- 
sity, Bristol (December 31). 

SENIOR SCIENTIFIC OFFICERS (Ref. 8.53/52) and ScrENTIFIC OFFICERS 
(Ref. 8.52/52 and 5.128/52) (Patent Examiner and Patent Officer 
classes) in various Government Departments covering a wide range 
of scientific research and development in most of the major fields of 
fundamenta) and applied science—The Civil Service Commission, 
Scientitic Officer Branch, Trini House, Old Burlington Street, 
London, W.1, quoting the appropriate Ref. No. (December 31). 

LECTURER IN THE DEPARTMENT OF GEOLOGY (knowledge of petrology 
and mine’ is essential)—The Registrar, Queen Mary College, 
Mile End Koad, London, E.1 (January 1). 

SENIOR LECTURER or LECTURER IN PHYSICS at the Nigerian College 
of Arte, Science and Technology—The Secretary, Advisory Committee 
on Colonial Colleges, 15 Victoria Street, London, 8.W.1 (January 1). 

_ PRINCIPAL SCIENTIVIC OFFICER, SENIOR SOIENTIFIC OFFICER, 
SCIENTIFIC OFFICER (Grade 3), SCIENTIFIC OFFICER (Grade 1), SENIOR 
EXPERIMENTAL OFFICLR, EXPERIMENTAL OFFICERS (Grade 3), and 
EXPERIMENTAL OFFICERS (Grace 1), for research, design and develop- 
ment on electronic defence problems, at the Electronics Research 
Laboratory, Salisbury, Australia—The Senior Kepresentative, De- 
partment of Supply, Canberra House, 87 Jermyn Street, London, 
5.W.1 (January 3). 

LECTURER IN CHEMISTRY (with an interest in inorganic chemistry) 
—The Secretary, The University, Aberdeen (January 5). 

RESEARCH OFFICER (Mycologist) (with university honours degree 
in science or agricultural science, including research experience, or 
equivalent qualifications) IN THE DIVISION OF FOOD PRESERVATION 
AND TRANSPORT, Homebush, New South Wales, to undertake in- 
vestigations on problems of mould wastage in stored fruits—The 
Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W.C.2 (January 9). 

CIVIL ENGINEERS (40) and MECHANICAL AND ELECTRICAL ENGINEERS 
(30) in connexion with the Bhakra Nangal Project—The Chief Engineer, 
Irrigation Works Punjab, Ellerslie, Simla 2, India, endorsed ‘Specialist 
Officers’ (January 15). 

SCIENCE GRADUATE as ASSISTANT LIBRARIAN—The Librarian, 
University College, Gower Street, London, W.C.1 (January 15). 

READERSHIP IN PHYSIOLOGY at St. Kartholomew’s Hospital Medical 
College—The Academic Registrar, University of London, Senate 
House, London, W.C.1 (January 22). 

READERSHIP IN ANATOMY at St. Mary’s Hospital Medical School— 
The Academic Registrar, University of London, Senate House, London, 
W.C.1 (January 26). 

READERSHIP IN GEOGRAPHY at Queen Mary College—The Academic 
Registrar, University of London, Senate House, London, W.C.1 
(January 29). 

SENIOR LECTURER IN SOIL CONSERVATION AND IRRIGATION in the 
Department of Agriculture, University College of the Gold Coast— 
The Secretary, Inter-University Council for Higher Education in the 
Colonies, 1 Gordon Square, London, W.C.1 (January 31). 

CualR of GEOGRAPHY—The Secretary of University Court, The 
University, Glasgow (February 14). 

SENIOR LECTURER IN PURE MATHEMATICS at the University of 
Otago, Dunedin—The Secretary, Association of Universities of the 
British Commonwealth, 5 Gordon Square, London, W.C.1 (February 


ASSISTANT LECTURER IN BACTERIOLOGY (qualified to specialize in 
Dairy Bacteriology) in the Department of Agricultural Sciences at the 
School of Agriculture, Sutton Bonington—The Registrar, The Univer- 
sity, Nottingham. 

_ LECTURER IN METALLURGY (a degree or equivalent qualification 
in metallurgy is essential)—-The Principal, Technical College, Cole 
Street, Scunthorpe, Lincs. 

PHYSICISTS (with a first- or second-class honours degree or equiv- 
alent in physics) at the Ministry of Supply Establishment, Alder- 
maston : PRINCIPAL SCIENTIFIC OFFICER to supervise a group engaged 
on research and development work in relation to problems involving 
Tadioactive materials (Ref. A.324/52A), SENIOR SCIENTIFIC OFFICER 
or SCIENTIFIC OFFICER to take charge of a group and for research on 
application of a 3 M.E.V. linear accelerator (Ref. A.325/52A), and 
SCIENTIFIC OFFICERS to work with a group engaged in research on 
certain aspects of physical properties of radioactive materials (Ref. 
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A.326/52A)—The Ministry of Labour and National Service, Technical 
and Scientific Register (K), Almack House, 26 King Street, London, 
8.W.1, quoting the appropriate Ref. No. 

RESEARCH ENGINEER (with honours degree in engineering or 
science)—The Secretary, British Internal Combustion Engine Research 
Association, 111-112 Buckingham Avenue, Slough, Bucks. 

SCIENCE GRADUATES and RUBBER TECHNOLOGISTS (preferably with 
experience of rubber technology in either a laboratory or factory) at 
the Rubber Research Institute of Malaya, Kuala Lumpur—The 
Secretary, London Advisory Committee for Rubber Research (Ceylon 
and Malaya), Imperial Institute, South Kensington, London, 8.W.7. 

SCIENTIFIC OFFICER (with a first- or second-class honours degree 
in physics with mathematics, or equivalent, and a leaning towards 
experimental rather than theoretical work) IN THE RADIO DIVISION, 
Royal Aircraft Establishment, Farnborough, for investigations in the 
field of radio frequency measurement, especially at V.H.F. and centi- 
metric frequencies—The Ministry of Labour and National Service, 
Technical and Scientific Register (K), Almack House, 26 King Street, 
London, 8.W.1, quoting A.314/52A. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Department of Scientific and Industrial Research : Food Investiga- 
tion. Technical Paper No. 2: The Storage Qualities of Late Dessert 
Varieties of Apples. By F. Kidd and Dr. C. West. Pp. iii+20. 
(London: H.M. Stationery Office, 1952.) 1s. 6d. net. [910 

Agricultural Research Council: Soil Survey Research Board. Soil 
Survey of Great Britain, Report No. 4. Pp. iv+34. (London: H.M. 
Stationery Office,-1952.) 38. 6d. net. 910 

University of London: University College. Calendar 1952-53. 
Pp. lxiii+480. (London: University College, 1952.) (910 

Council for the Preservation of Rural Wales. Annual Report, 
1951-52. Pp. 64. (London: Council for the Preservation of Rural 


Wales, 1952.) 1310 
British Internal Combustion Engine Research Association. Ninth 
Annual Report, 1st April 1951-31st March 1952. Pp. 24. (Slough: 


British Internal Combustion Engine Research Association, 1952.) [1310 
Colonial Office. Witches’ Broom Disease of Cacao (Marasmius 
perniciosus Stahel). By Paul Holliday. (Colonial No. 286.) Pp. iii+ 
8+4 plates. (London: H.M. Stationery Office, 1952.) 9d. net. [1310 
Sarawak Papers. Scientific Results of the Oxford University 
Expedition to Sarawak (Borneo) in 1932. (Published for the Oxford 
University Exp'oration Club.) Pp. xv+48 papers. (London: Oxford 
University Press, 1952.) 50s. net. 1310 
Colonial Office. Colonial Research 1951-1952: Reports of the 
Colonial Research Council, Colonial Products Research Council, 
Colonial Social Science Research Counci!, Colonial Medical Research 
Committee, Committee for Colonial Agricultural, Animal Health and 
Forestry Research, Colonial Insecticides Committee, Colonial Economic 
Research Committee, Tsetse Fly and Trypanosomiasis Research Com- 
mittee, Colonial Fisheries Advisory Committee, Director, Anti-Locust 
Research Centre. (Cmd. 8665.) Pp.ii+253. (London: H.M. Station- 
ery Office, 1952.) 68. 6d. net. 1410 
Anti-Locust Bulletin 13: Reproduction in the Desert Locust 
(Schistocera gregaria Forsk.) in relation to Density and Phase. By 
Dr. Maud J. Norris (Mrs. O. W. Richards). Pp. iv+51. (London : 
—- Research Centre, c/o British Museum (Natural eae 1° 
1952.) 

Ministry of Education. Report of the Committee of Inquiry into 
the Imperial] Institute. Pp. vi+40. (London: H.M. Stationery Office, 
1952.) 1s. 6d. net. [2010 

Board of Trade. Report of the Copyright Committee. (Cmd. 8662.) 
Pp. ii+130. (London: H.M. Stationery Office, 1952.) 48. 6d. 


net. 2010 

Agricultural Research Institute of Northern Ireland. Twenty- 
fifth Annual Report, 1951-1952. Pp. 40. (Hillsborough, Co. Down: 
Agricultural Research Institute of Northern Ireland, 1952.) [2010 


Royal Geographical Society. Research Series No. 2: The Origin 
of the Broads. By J. N. Jennings. Pp. iii+66+8 plates. (London : 
John Murray (Publishers), Ltd., 1952.) 10s. [2010 

International Association for the Exchange of Students for Technical 
Experience. Fifth Annual Report. Pp. 56. (London: J. Newby, 
Secretary, Imperial College of Scieuce and Technology, 1952.) [2010 

British Universities Film Council. Fifth Annual Report, 1951-1952. 
7 15. (Cardiff: E. B. Simpson, Secretary, University er 
1952. 


Proceedings of the Royal Irish Academy. Vol. 55, Section A, No. 2: 
Relativistic: Fourier Reciprocity and the Elementary Masses. By 
Erwin Schridinger. Pp. 29-50. 48. Vol. 55, Section A, No. 3: Con- 
densation Nuclei produced by Ultraviolet Light. By J. J. McHenry 
and 8. Twomey. Pp. 51-59. 18. Vol. 55, Section B, No. 2: The 
Influence of Temperature on Arterial Tone and its relation to the 
Constancy of the Body Temperature. By J. M. O’Connor and J. 
a Pp. 15-28. 1s. 6d. (Dublin: Hodges, Figgis and tn SARs 
1952. [201 
National Central Library. 36th Annual Report of the Executive 
Committee for the year ending 29 February 1952. Pp. 22. (London: 
National Central Library, 1952.) 2110 


Air Ministry: Meteorological Office. Condensation Trails from 
Aircraft. Second edition. (M.0.479.) Pp. 10+2 plates. (London: 
H.M. Stationery Office, 1952.) 9d. net. [2110 


Department of Scientific and Industrial Research. Report of the 
Chemistry Research Board with the Report of the Director of the 
Chemical Research Laboratory for the Year 1951. Pp. iv+126+4 
plates. (London: H.M. Stationery Office, 1952.) 48. 6d. net. [2110 
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Proceedings of the Royal Society of Edinburgh. Section A (Mathe- 
matical and Physical Sciences). Vol. 63, Part 4, No. 25: The First 
Chemical Society, the First Chemical Journal and the Chemical Revolu- 
tion. By Dr. Jaries Kendall. Pp. 346-358 +2 plates. 38. Vol. 63, 
Part 4, No. 26: The Normal Penetration of a Thin Elastic-Plastic 
Plate by a Right pm Cone. By Dr. J. W. Craggs. Pp. 359-370. 
2s. Vol. 63, Part 4, No. 27: The Rotational Field behind a Bow Shock 
Wave in Axially Symmetric Flow using Relaxation Methods. By 
Dr. A. R. Mitchell and Francis McCall. Pp. 371-380. 1s. 9d. (Edin- 
burgh and London: Oliver and Boyd, Ltd., 1952.) {2110 

Electrical Research Association. Technical Report L/T.251: 
— ar Permittivity and c—~*% in Ketone-Paraffin Mixtures. By 

'. Daniel and K. H. Stark. Pp. 11. 9s. Technical Report 

8: The Wlectanchteten of Non-Aqueous Solutions. By Dr. 

Pp. 17+16 plates. 15s. (Leatherhead : British Electrical 

a ‘Allied Industries Research Association, 1951-1952.) [2210 

General Register Office. The Registrar General’s Quarterly Return 
for England and Wales. No. 414: Births, Deaths and Marriages, 
Infectious Diseases, Weather, Survey of Sickness, Population Estim- 
ates; Quarter ended 30th June 1952. Pp. 28. (London: H.M. 
Stationery Office, 1952.) 2s. 6d. net. [2210 

Bulletin of the British Museum (Natural History). Geology, Vol. 1, 
No. 10: Cyclopygid Trilobites from Girvan, and a Note on Bohemilla. 
By W. F. Whittard. Pp. 305-324+plates 32-33. (London: British 
Museum (Natural History), 1952.) 6s. [2210 

Atomic Energy Progress Notes. Vol. 2: Military. Prepared by the 
Atomic Sciences Committee. Pp. iii+20. (London: Association of 
Scientific Workers, 1952.) 2s. [2210 

The Fight against Rust: the Work of the Corrosion Committee of 
the British Iron and Steel Research Association. Pp. 25. (London : 
British Iron and Steel Research Association, 1952.) 2s. 6d. [2310 

Report on the Work of the British Council for the Year ended 
31st March 1952. Pp.v+104. (London: British Council, 1952.) [2710 

Department of Scientific and Industrial Research. Report of the 
Fuel Research Board with the Report of the Director of Fuel Research 
for the Year 1951. Pp. vi+60+4 plates. (London: H.M. Stationery 
Office, 1952.) 2s. 6d. net. [2710 

Institute of Social Medicine, Oxford. Seventh Report, 1951- 2. 
Pp. 16. (Oxford: Institute of Social Medicine, 1952.) 29 10 

British Doctors in Russia. By Dr. Horace Joules, Dr. Ian Gilliland 
and Dr. Mary Barber. (Published on behalf of the Medical Section of 
the Society for Cultural Relations with the U.S.S.R.). Pp. 26+4 
plates. (London: H. K. Lewis and Co., Ltd., 1952.) 1s. net. [2910 

Reindeer Council of the United Kingdom. Third Annual Report, 
1951-1952. Pp. 16. (Cambridge: Reindeer Council of the United 
Kingdom, 1952.) [3010 


Other Countries 


Union of South Africa: Department of Agriculture. Science 
Bulletin No. 303 (Botany and Plant Pathology Series No. 14): The 
Black Spot Disease of Citrus in South Africa. By Dr. Vincent A. 
Wager. Pp.ii+52. (Pretoria: Government Printer, 1952.) 6d. [299 

Durchmusterung of Selected Areas of the Special Plan. Vol. = 
Areas 1 to 29. By P. J. van Rhijn. Pp. xxviili+309. Vol. 2: Areas 
30 to 46. By P. J. van Rhijn. Pp. ii+273. (Copenhagen: “Kapteyn 
Astronomical Laboratory, n.d.) [299 

Canada: Department of } Mines and Technical Surveys. Geological 
Survey of Canada, Economic Geology Series No. 16 : Canadian Deposits 
of Baap ne and Thorium (Interim Account). By A. H. Lang. (No. 

) Pp. vii+173. (Ottawa: Queen’s Printer, 1952.) 1 dollar. [710 
mo. Pragathi. (Monthly,in Hindi.) No.1, Pp.28. (New Delhi: 
Council for Scientific and Industrial Research, 1952.) Sannas; annual 
— 5 rupees. {710 

Indian Council of Medical Research : Nutrition Research Laborator- 
ies, Coonoor. Annual Report for 1951-52. Pp. ii+28. (Coonoor: 
Nutrition Research Laboratories, 1952.) {710 

Indian Forest Records (New Series). Entomology, Vol. 8, No. 6: 
The Control of the Indian Bookworm Beetle Gastrallus indicus Reitter 
(Coloeoptera : Anobiidz). By M. L. Roonwal and P. N. Chatterjee. 
4g iii + 53-66. (Delhi: Manager of Publications, 1952.) 12 ae it 

710 

“The Significance of Racial Differences. By Dr. G. M. Morant. (The 
Race Question in Modern Science Series.) Pp. 48. (Paris: Unesco ; 
London: H.M. Stationery Office, 1952.) 75 frances; 1s. 64.; 25 
cents. (710 

East Africa High Commission: East African Fisheries Research 
Organization. Annual Report, 1951. Pp. ii+49. Hast African 
Medical Survey: Annual Report, 1951. Pp. 90. Filariasis Research 
Unit. Annual Report, 1951. Pp. iv+105. (Nairobi: East Africa 
High Commission, 1952.) [710 

Report of the International Scientific Commission for the Investiga- 
tion of the Facts concerning Bacterial Warfare in Korea and China. 

. 62. (Prague: World Council of Peace, 1952.) {710 

World Health Organization. Monograph Series No. 9: Biologie 
d’Anopheles gambie ; recherches en Afrique-Occidentale Francaise. 
Par Dr. M. H. Holstein. Pp. 176. 8 francs; 108.; 2 dollars. Mono- 
graph Series No. 10: First International Symposium on Chemical 
Microbiology ; Microbial Growth and its Inhibition. Pp. iv +285. 
12 francs ; 158. ; 3dollars. Technical Report Series No. 48: Expert 
Committee on Mental Health; Alcoholism Subcommittee, Second 
Report. Pp. 40. 1 franc ; 2s.; 25 cents. (Geneva: World Health 
Organization ; London: H.M. Stationery Office, 1952.) {710 

Conseil Permanent International pour |’Exploration de la Mer. 
Bulletin Statistique des Péches maritimes des Pays du Nord et de 
l’Ouest de l’Europe. Vol. 34, pour l’année 1949. Rédigé par Nils 
Rosén. Pp.x+39. 8kr. Rapports et Procés-verbaux des Réunions. 
Vol. 132: Rapport Jubilaire. Pp. 85. 14 kr. (Copenhague: Andr. 
Fred. Hest et fils, 1952.) {710 

Canada: Department of Resources and Development. National 
Museum of Canada, Bulletin No. 124 (Anthropological Series No. 31) : 
Iroquois Pottery Types; a Technique for the Study of Iroquois 
Prehistory. By Richard 8. MacNeish. Pp. vii+166 (33 plates). 
1.50 dollars. National Museum of Canada, Bulletin No. 126: Annual 
Report of the National Museum of Canada for the Fiscal Year 1950-51. 
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Ohio State University : Graduate School. 
tute of Geodesy, Photogrammetry and Cartography, No. 1 : 
World Geodetic System. By W. Heiskanen. Pp. 25. 
Ohio: Chio State University, 1951.) 

Bulletins of the Zoological Society of San Diego. No. 26: Taxo 
nomic Studies of the Rattlesnakes of Mainland Mexico. By Laurencc 
M. Klauber. Pp. 143. (Sam Diego, Calif.: Zoological Society of Bar 
Diego, 1952.) 

Transactions of the San Diego Society of Natural Histo: 

No. 9: The Shovel-nosed Snake, Chionactis, with t 
New Species. By Laurence M. Klauber. Pp. 141-203. (San Dieg< 
Calif. : San Diego Society of Natural History, 1951.) {O14 

British West African Meteorological Services : Gold Coast Meteoro 
logical Service. Note No.1: The Climate of the Gold Coast. By H.O 
Walker and A. D. Swan. Pp. iii+28. (Accra: Gold Coast Meteoro 
logical Service, 1952.) {916 

Universidad Nacional de Cordoba: Facultad de Filosofia y Human 
idades. Contribucién a una teorfa sobre la estructura estereofisica 
y el origen enddégeno de los virus. Por Prof. Dr. Alberto D. Cirelli 
Pp. 52. (Cordoba: Universidad a, 1951.) [916 

Conference on Industrial Minerals. red by Nova Scotia 
Department of Mines, Nova Scotia Seacead Foundation, June 20-22 
1951, Crystal Cliffs, Nova Scotia. Pp. vi+129. (Halifax, N.S. : Nov: 
Scotia Research Foundation, 1952.) (91: 

Kungl. Skogshégskolans Skrifter. Nr. 8: Skogsdikningarna pi 
Bjurfos kronopark ; en sammanfattning av resultat och erfarenhete: 
‘Av Gustaf Lundberg. Pp. 93. 5kr. Nr. 9: Vildkaninen pd Gotlan: 
(The Rabbit Problem in the Gotland Island). Med bidrag ay G. Notin' 
8. Forselius, 8. Bramford, B. Mellstrém. Pp.112. 5 kr. Cae 
Kungl. Skogshégskolan, 1952.) {li 

Annual Report of the Trustees of the Museum of Applied Arts 4 i 
Sciences for the Year ended 31st December 1951. Pp. 12. (Sydney : 
Government Printer, 1952. {1310 

State of California : artment of Fish and Game, Bureau of 
Marine Fisheries. Fish Buile tin No. 86: The Commercial Fish Catch 
of California for the Year 1950, with a Description of Methods used in 
Collecting and Compiling the Statistics. By the Staff of the Bureau of 
Marine Fisheries. Pp. 120. Fish Bulletin No. 87: Surveys through 
1951 of the Distribution and Abundance of Young Sardines (Sardinops 
caerula). By Julius B. Phillips and John Radovich. Pp. 63. (Terminal 
Island, Calif.: California State Fisheries Laboratory, 1952.) {1310 

Commonwealth Scientific and Industrial Research Organization. 
Bulletin No. 266: The Climate, Geology, Soils and Plant Ecology of 
portion of the County of Buckingham (Ninety-Mile Plain), South 
Australia. By J. E. Coaldrake. Pp. 81+17 plates. (Me Ibourne : 
Commonwealth Scientific and Industrial Research mete 
1951.) 10 

British Territories in Borneo. Report of the Geological Survey 
Department for the Year 1951. By F. W. Roe. Pp. vi+143. (Kuching : 
Geological Survey Department, 1952.) 3 Straits dollars ; 7s. [1510 

World Health Organization. Technical Report Series No. 5°: 
Expert Committee on Trachoma; First Report. Pp. 22. ogg: HF 
¥ orld Health Organization ; London: H.M. Stationery Office, 1952 

3d.; 15 cents ; 0.60 franc. 20:0 
yt of Her Majesty’ 's Astronomer at the Cape of Good Hope to 
the Secretary of the Admiralty for the — 1951. Pp. 20. (Cape of 
: Royal Observatory, 1952. [2010 
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x Indian Forest Leaflet 
No. “138 : Studies on Adhesives, Part 16, Plywood Adhesives from 
Cashew Nut —~ ¢ Liquid. By D. Narayanamurti and C. P. Dhamaney. 
Pp. ii+4. (Delhi: Manager of Publications, 1952.) 5annas ; 6d. [2010 
Journal of the “Bombay Natural History Society. Vol. 50, No. 4: 
— 50th Anniversary Issue of the Journal. Pp. i. gg (Bom- 
oe: Bombay Natural History Society, 1952.) 20 ru [2010 
Survey of India. General Report 1950, from 1st PApril 1949 to 
31st March 1950. . xi+71+8 plates+6 maps. 5.8 rupees; 8s. 9d. 
Technical Report 1 51, Part 3: Geodetic Work. Pp. xi+126+27 
plates. 6 rupees; 9s. 6d. (Dehra Dun : Survey of India, i952) (2110 
A 40 year Campaign against Tuberculosis. By Dr. Louis I. Dublin. 
Pp. v+l115. (New York: Metropolitan A 2116 
1952.) ) 
New Zealand Department of Scientific - Industrial Research. 
Departmental Handbook. Pp. 68. (Wellington: Government 
Printer, 1952.) 2110 
Tea Research Institute of East Africa. Annual Report for the 
Year 1951. Pp. 33+2 plates. (Kericho: Tea Research Institute of 
East Africa, 1952.) [2110 
New Zealand. Twenty-sixth Annual Report of the Department of 
Scientific and Industrial Research. Pp. 84. (Wellington: Govern- 
ment Printer, 1952.) 1s. 9d. [2110 
New Zealand a of Scientific and Industrial Research : 
Apia Observatory. Annual Report for 1943. Pp. iv+164. Magnetic 
and Meteorological Results for 1949. Pp. ili rise, (Wellington : 
Government Printer, 1950-1951.) 2110 
Commonwealth of Australia: Department of External airs : 
Australian Antarctic —, Expedition. A.N.A.R.E. Reports, 
Series D: Meteorology. Vol. 1: Heard and Macquarie Islands, 19458. 
By W. J. Gibbs, A. V. Gotley and A. R. Martin. Part 1(¢): Discussion. 
Pp. v+67. ( Melbourne : Aetexctic Division, Department of External 
Affairs, 1952.) {2110 
Report of the Inter-Departmental Committee on the Pollution of 
Waters in New Zealand. Pp.li+38. (Wellington: Technical — 
tions, Ltd., 1952.) [21 
Bulletin of the Museum of Comparative Zoology. Vol. 107, No. “ 
The Amphibians of the Solomon Islands. By Walter C. Brown. Pp. 
64+8 plates. Vol. 107, No.2: Revision of the Ant Genus Serrastruma. 
By William L. Brown, Jr. Pp. 65-86. (Cambridge, Mass.: Harvard 
College, 1952.) [2110 
Smithsonian Miscellaneous Collections. Vol. 117, No. 14: New and 
Unusual en ies of Brachiopods from ‘he Arbuckie Group in ee, 
homa. By Arthur Cooper. (Publication 4093.) . 11+35+4 
plates. (Washington, D.C.: Smithsonian Institution, 1952.) feito 
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